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with Alloy Steel from Stock 


High quality alloys of established heat treatment re- This additional service on alloys is rushed to you at 
sponse—tons of them—are ready for delivery in every no extra cost. The report, together with a complete 
standard analysis from nearby Ryerson stocks. Your range of certified alloys in stock, established Ryerson 
alloy steel requirements get quick, personal attention as first source for quick shipment of alloy steel. 
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informative report giving the exact analysis and Jominy 
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The Ryerson alloy report has proved a time-saving qunacied or tact woated a the fallowing enchvese 
guide for many companies. It gives purchasing men a AIS! 4140 AISI 8650 NCM i 
complete record in convenient form of the particular " 4150 "“ 8742 NIKROME "M"'\ at 
steel received. It tells heat treaters and designers what " 4615 * 8750 RY-ALLOY | 
properties can be expected and how to obtain them. 6617 72355 € sae 
The {= +h: ‘ia fe hec: ¢ the heat sv } ls | 8620 RYCO | E 6150 

rere S no ¢ waNnce ot error OCA USE 1e Heat SymbDOo!l an " 8642 RYARM - Spec.C.Mn NITRALLOY 
color marking of your alloy is entered on the report, RYAX 
providing a positive cross-check between steel and data. —_ 


Joseph T. Ryerson & Son, Inc. Steel-Service Plants: New York, Boston, 
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By J. B. Austin 


Director of Research 
Research Laboratory, U.S. Steel Corp. 
Kearny, N. J. 


Effect of Changes lent illustration of the lack of 


in Carbides on the 


Properties of Steel’ 


’ 

(CHEMISTS, as long ago as Prof. Campbell’s era, 
could not account for the observed phenomena of 
solution of carbides of iron if so simple a formula 
as Fe,C was employed, yet this has become too 
generally accepted by metallurgists today. The 
lecturer advanced the proposition that this com- 
pound was similar to wiistite (FeO) or pyrrhotite 
FeS); it is known that in these the oxygen (or 
sulphur) is variable but always more than indi- 
cated by the formula. He then reviewed what is 
known about the structure of chemical compounds 
and the interatomic bonds or valence to learn what 
may reasonably be expected as to the composition 
of austenite and cementite. 

The crystalline architecture of cementite is 
complex, but valency consideration “leads to the 
relatively simple picture of a structure comprising 
essentially a framework of close-packed iron 
atoms held together by metallic bonds, the smaller 
carbon atoms being held in the interstices by 
another type of bonding. There is thus a consider- 
able resemblance to the structure of ferrite and of 
austenite which suggests that although cementite 
is normally considered a chemical compound, it 
possesses, in fact, many characteristics of a solid 
solution. Indeed, cementite appears to be an excel- 


*A summary of the earlier sections, and verbatim 
quotations from last portion, of the 1946 Edward 
DeMille Campbell Memorial Lecture, delivered at the 
imnual convention in Atlantic City, Nov. 21, 1946. 
Full text and complete illustrations will appear in 
the next volume of @ Transactions. 
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sharp distinction between a solid 
solution and a compound, though 
it might be expected to have prop- 
erties which are in the main those 
of a compound.” 

On this basis one would 
expect that the carbon content 
might vary in the following ways: 
(a) Minor departure from the 
stoichiometric ratio is most likely, 
(b) that it may take the form of 
deficiency of carbon, and (c) that 
composition may vary with tem- 
perature. 

Considering cementite as a 
compound only of two elements, 
iron and carbon, the lecturer 
after summarizing the chemical 
and X-ray evidence —- said: 

“To sum up, there is ample reason to believe 
that the carbon content of cementite in equilibrium 
with ferrite is sensibly constant at the stoichio- 
metric ratio, whereas that of cementite in equi- 
librium with austenite decreases with increasing 
temperature. The magnitude of this variation can- 
not be regarded as precisely determined, but must 
be relatively small.” 

It is of course possible that some of the carbon 
in Fe,C could be replaced by another element. 
Theoretically, the element most likely is nitrogen. 
“Such replacement is difficult to establish beyond 
question.” <A study, by the lecturer's colleague 
L. S. Darken, on carbonyl iron after heating in 
ammonia at various temperatures and concentra- 
tions, indicates that this replacement is possible. 

However, the largest chance of variation is by 
replacement of iron by other metallic elements, 
similar chemically and within 15% of its size. 
Much direct and indirect evidence is available on 
this, and “confirm predictions made on the basis 
of the structure of cementite — more specifically 
that, as equilibrium is approached, iron in cement- 
ite is replaced extensively by manganese and 
chromium for which the size factor is most favor- 
able; to a more limited extent by molybdenum and 
tungsten, for which the size factor is less favor- 
able; and finally to only negligible extent by vana- 
dium for which the size factor is least favorable. 
Moreover, for a given temperature and carbon 
content, the alloying element in the carbide 
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Reheated 4 Hr. 


Initial Quenched Structure 1b 


lc — Reheated 24 Hr. at 1700° F. 


1d — Reheated 72 Hr. 





Fig. 1 


Development of Cored Carbides in Iron Alloy Containing 6.0% Molybdenum and 1.3% Carbon on Quenching 


From 2040° F., Then Reheating at 1700° F. for Various Times. Picral etch, 2000. (Photographs by R. F. Campbell 


increases linearly with the gross content of the ele- 
ment in the steel, and the partition coefficient is 
such that at equilibrium the alloying element tends 
to concentrate in the carbide.” 

Having reviewed the evidence as to what may 
be expected under equilibrium conditions, the lec- 
turer then took up the very important implications 
applying to heat treating processes where equi- 
librium is not even approached. 

“The simplest type of such a process is equi- 
librating by annealing or tempering, at a given 
temperature, carbides formed at another tempera- 
ture at which they may or may not have been in 
equilibrium. In general, if the temperature of 
annealing is higher than that of formation, the 
carbides tend to become enriched in alloying ele- 
ments, whereas if it is lower, there is a tendency 
toward impoverishment.” 

Such variations are large enough to be unmis- 
takably proven by separation and chemical analy- 
sis of carbides. Some recorded observations are: 
SEPARATED CARBIDE 

4.6% Mn 

17% Mn 
6% Cr 
14% Cr 


25.7% Cr 


TREATMENT 
Tempered 750° F. 
Tempered 1250° F. 
Tempered 850° F. 
Tempered 1025° F. 
Tempered 1200° F. 


STEEL 
2%% Mn 


3% % Cr 


“An example of the reverse change, and a 
good illustration of the mode of formation of cored 
carbides, is presented in Fig. 1, which shows the 
progressive change in an iron-molybdenum-carbon 
alloy which had been treated initially to produce 
a complex molybdenum-rich carbide, then subse- 
quently held at a lower temperature, at which a 
carbide richer in iron, probably cementite, is more 


stable. This alloy, which contained about 6% 
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molybdenum and 1.3% carbon, was first heated in 
an evacuated silica tube at 2040° F. for 72 hr., then 
quenched to produce the relatively massive and 
hard molybdenum-rich carbide shown in Fig. la 
Samples of the alloy in this condition were then 
annealed, likewise in a silica tube, at 1700° F, for 
4, 24 or 72 hr., which yielded respectively the 
structures shown in Fig. 1b, le and Id. After 4 
hr., there is just visible a thin envelope of softer 
iron-rich carbide, which after 24 hr. has grown 
markedly, and after 72 hr. has nearly absorbed 
the molybdenum-rich core. On subsequent heating 
at higher temperature the envelope material tends 
to dissolve, leaving the core intact.” 

The evidence concerning influence of variable 
carbides on isothermal transformation is scanty, 
but revealing. Studies on manganese and chro- 
mium steels show that cementite in the 
pearlite region (above the “nose”’) is alloy-rich, 
whereas that formed in the bainite region is alloy 
poor. Analogous data have been reported by F. E 
Bowman and his colleagues for molybdenum steels 
Other points brought out by them are: 


formed 


“1. In alloys with eutectoid carbon conten! 


the segregation of molybdenum in the carbides }s 
much greater at the completion of isothermal trans- 
formation, in no case more than 30 min., than in th 
same alloy quenched and tempered for as long 
250 hr. at the same temperature; 

“2. Orthorhombic cementite 
exclusively in alloys containing up to 1% 
num at 1000° F.; 

“3. In alloys containing than (00 
molybdenum, transformed isothermally at 1200 
1300° F., cementite is replaced by the face-ce! 
cubic (Fe,Mo)...C,; 

“4. In hypoeutectoid alloys, the molybd:  u! 
cementite formed by temp ris 


probably forms 
molybde- 


nore 


red 


concentration in 
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Fig. Comparison of the 
Sem Field of the Steel Shown 
in Fiz. ld. Left is after picral 
etch; right is after the picral 
etch plus an electrolytic etch 
in alkaline chromate solution 





martensite can be 
increased to a_ level 
greater than that which 
results in the presence 
of (Fe,Mo).,C,g, after 
isothermal transforma- 
tion of austenite. 


“All these results 
are, in general, what one 
would expect in view of the increasing mobility 
and solubility of alloying elements with increasing 





temperature.”’* 

On the basis of the foregoing, one naturally 
inquires as to the significance of variation in com- 
position of carbides on the behavior of steel. 

Perhaps the most significant changes in the 
carbides themselves are in their hardness (Fig. 
2a) and their resistance to etching (Fig. 2b). Dia- 
mond pyramid indentations made under a 2-g. 
load on the envelope and core of carbides in the 
molybdenum steel show a difference of the order 
of 200 d.h.p. numbers. Difference in resistance to 
etching is illustrated by comparing Fig. 2a and 
2h. Picral attacks the matrix rapidly, the enve- 
lopes of the carbides less rapidly and the cores 
least rapidly, to yield three distinct levels. A sub- 
sequent electrolytic etch in alkaline chromate solu- 
tion dissolves the core but leaves the envelope 
substantially unaltered, as is evident from the 
slight change in size of the diamond impressions. 

Other properties which may be significantly 
altered are density, as indicated by change in 
lattice parameter, and magnetic susceptibility 
influenced by the iron content..... 

The properties of the matrix change as it 
becomes depleted or enriched by giving to or 
receiving from the carbide some of the alloying 
element which tends to concentrate in that phase. 
Thus, linear thermal expansion is significantly 
influenced; electric resistivity is especially sensi- 
live to change in composition of the matrix. It is 
interesting to note that from a study of the resist- 
ance of chromium steels, LeChatelier predicted as 
long ago as 1898 that chromium concentrates in 
the carbides. 

Other properties of the matrix which may be 
significantly altered are hardness, magnetic qual- 
ily, density, lattice parameter, and corrosion 



























*From this point on the wording is that of the 
lectu-er although, in the interests of readability, the 
man\ elisions are not noted. 
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resistance, of which the appearance of intergranu- 
lar attack in high-chromium alloys is an example. 

A number of properties of steel (matrix plus 
carbides) may be influenced by segregation of 
alloying elements in carbide phases. Some of 
those, such as secondary hardness, have been dis- 
cussed in detail by E. C. Bain in his @ book on 
“The Functions of Alloying Elements in Steel”. 
There are others which should be mentioned. 

The first is resistance to creep at elevated 
temperature. It is reasonably certain that creep 
strength is improved by precipitation of fine parti- 
cles throughout the steel, though it has not been 
established that the particles need be carbides. The 
size and degree of dispersion of such particles may 
well be more significant than their composition, 
but one cannot ignore the possibility that transfer 
of alloying element from matrix to carbide on 
holding at temperature may also be a factor. 

A second is tendency to graphitize. In prin- 
ciple, one would expect that replacement of iron in 
cementite by a stronger carbide-former such as 
chromium or molybdenum should stabilize cement- 
ite and so lessen the tendency to form graphite; 
conversely, that replacement by a weaker carbide- 
former might enhance this tendency. The experi- 
mental evidence is difficult to interpret, in part 
because graphitization is influenced by many other 
factors and in part because of the difficulty of dis- 
tinguishing between true change in equilibrium 
and decrease in rate of reaction. Chromium 
appears to stabilize cementite since, so far as | am 
aware, formation of graphite has never been 
observed in steels containing about 2% chromium. 
There is likewise some evidence that molybdenum 
is effective in preventing graphitization, vet there 
are well-authenticated instances of graphitization 
in molybdenum steels. On the other hand, it is 
possible that the enhanced tendency to graphitize 
observed in many aluminum-killed steels may be 
due in part to a decrease in stability of cementite 
resulting from the presence of aluminum. 





















Another example is the effect of carbide com- 


position on susceptibility of steels to attack by 
hydrogen at high temperature and pressure. In 
the synthesis of ammonia and of certain hydro- 
carbons, steel is often damaged by decarburization, 


and by the appearance of cracks which are com- 


monly ascribed to the formation of methane at 


high virtual pressure through reaction of carbide 
with hydrogen diffusing into the metal. 


Presence 


of alloying element in the steel, or more specifi- 


sally in the carbide, appears to stabilize the carbide 


with consequent alleviation of the attack. Presence 
of silicon, nickel or copper, all noncarbide form- 


ers, has virtually no effect. 


Manganese has a 


significant influence, with chromium, tungsten and 


molybdenum increasingly effective. 


All of these 


elements concentrate in the cementite, or form 
higher carbides, and so become more effective as 
they are present in increasing concentration. 


Columbium, 


zirconium, vanadium and titanium 


are the most effective elements, conferring immu- 
nity to a very high temperature even when present 
in small concentration, because they hold the car- 
bon as a very stable carbide. 


steel which is to resist attack by hydrogen. 


This behavior is significant in the welding of 
The 


welding rod is usually a high alloy material, and 
so commonly transforms during cooling in the 


*The lecturer here used a lantern slide showing 


bainite or martensite ranges, hence, forms « irbide 
relatively lean in alloying elements. Unless this 
carbide is subsequently annealed to enrich it jp 
alloying elements, the steel is susceptible to attack 
by hydrogen. 

The foregoing examples illustrate how mis. 
leading the usual chemical analysis of a stec! may 
be, for, in many instances, the significant fact is 
the distribution of an alloying element between 
matrix and carbide and not the total amount ip 
both phases. 

It is appropriate now to review what we have 
learned about carbides to see how it bears on other 
principles, as, for instance, the influence of alloy- 
ing elements on the rate of isothermal transforma- 
tion to pearlite — that is, transformation nucleated 
by carbide — in eutectoid steels. 

In eutectoid carbon steel, as the temperature 
of transformation decreases the rate of nucleation 
increases, as is common in many undercooled sys- 
tems; this tends to increase the rate of transforma- 
tion.* At the same time, the diffusivity of carbon 
decreases, which, if the carbon gradients remain 
unchanged, tends to retard transformation. Yet 
Robert F. Mehl has shown that the rate of growth 
of pearlite nuclei increases with decreasing ten- 
perature, which indicates that the carbon gradients 
change in such a way as to increase the net rate 
of diffusion of carbon. 




























































































the well-known S curve for eutectoid steel (Metal Addition of a noncarbide forming element, 
Progress Data Sheet No. 38, 1946 edition). such as nickel, silicon or copper, can_ influence 
transformation in two ways, either of 
2C| OF TTT TTT r Tym ] ry rT which would tend to lessen its rate: 
| | First, it may decrease the rate of 
soo | | | A 4 the gamma to alpha transformation of 
| Oo iron. Nickel is especially effective in 
\ “) . ° ° . 
/400 t | T ~ retarding this transformation even in 
2 the absence of carbon. 
700}- a—T——"| 409 nn ee ee eee ee ao. Se Second, it may decrease the rate of 
| 4-T, oF nucleation of carbide. Thus, an element 
2 Ae; *= a diana = = = == which tends to decrease the stability of 
—— er : . ; 
a = cementite might decrease the probabil- 
600;- |- A 74.23" it ity of forming a carbide nucleus and 
Pia thus lessen the net transformation rate. 
j mY i 
a . | : 7 | Experimental data, at least those 
i H | ‘, | 3/ 
x rs — “a ’ . 
c ool | | Fig. 3 — Isothermal Transformation Diagram 
S soa | of Fine-Grained Steel Containing 3.88% 
= bas Nickel, 0.33% Manganese and 0.55% Carbon, 
- A | | Austenitized at 1480° F. Curves for beginning 
wad 600}— r st 46 and end of transformation are of the same 
= A ‘ 
| ha shape as for a plain carbon eutectoid steel, but 
¥ | | } re are shifted to right and lowered slightly. 
4 | | 1 j | = s3 Minimum times (“‘nose” of curves) are a 
00) ‘ - ’ ° : 
a B | | 1050° F., nucleating after 1 sec. and complet 
b after 5 sec. for the eutectoid steel, whereas for 
: : _ 
the nickel steel the nose temperature is 9.» F. 
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formation to Pearlite Than to Bainite 


now « \ailable, show that, in general, these elements 
shift (he isothermal transformation curve slightly 
in the direction of longer time without essentially 
altering its shape, as is illustrated by the diagram 
for a 4% nickel alloy, presented in Fig. 3. This 
suggests that the effect of such alloying elements 
is chielly to slow up the gamma~alpha transfor- 
mation in the pearlite region. 

Carbide forming elements may have a similar 
influence, since manganese and chromium are 
likewise effective in retarding the rate of trans- 
formation of iron, but one would also expect, since 
they tend to concentrate in cementite, that they 
would directly affect the rate of carbide formation. 

For instance, since manganese tends to segre- 
gate in cementite to form a continuous series of 
solid solutions ranging from Fe,C to Mn,C, the 
necessity for diffusion of manganese, which dif- 
fuses much less rapidly than carbon, might con- 
tribute to retarding the transformation. Moreover, 
the decrease in diffusivity of manganese and of 
carbon with decreasing temperature would seem 
to favor the appearance of a maximum rate in the 
pearlite region, unless the concentration gradients 
change (as they appear to do in carbon steels). 
That there may be a definite, unmistakable maxi- 
mum rate of transformation to pearlite in manga- 
nese steels is, however, amply demonstrated by 
some of the diagrams presented at this meeting by 
Axel Hultgren, a good example being his diagram 
for steel containing 2.90°% manganese and 0.77% 
carbon which is reproduced in Fig. 4. 

The influence of stronger carbide formers, 
such as chromium, molybdenum, tungsten and 
vanadium, is less simple because of the tendency 
to form complex carbides, especially at tempera- 
tures approaching Ae,. Thus one must take into 
account not only the effect of such elements on the 
rate of gamma~alpha transformation and_ the 
necessity for their diffusion into the carbide, but 
also the greater difficulty of forming a more com- 
plex nucleus. As an illustration, the unit cell of 
cementite contains but 16 atoms whereas that of 
Fe,.Mo)..C, contains 116. It is only reasonable, 
therefore, to expect that the probability of forming 
such a nucleus (hence, the rate of nucleation) 
should be markedly less than in a plain carbon 
steel. Combination of these three factors, all of 
which operate in the same direction, provides a 
possible explanation of the fact that the isothermal 
transformation curves for steels containing these 


Fig. 4 — Isothermal Transformation Diagram of Alloy 
Steel Containing 2.90% Manganese and 0.77% Carbon, 
lustenitized at 2375° F., Showing Higher Rate of Trans- 
( 4fter Hultgren) 
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elements commonly show a maximum rate of 
transformation within the pearlite region and that 
this region covers a narrower range of temperature 
than is found in carbon steels. It would appear 
that in such steels the low diffusivity of the alloy- 
ing elements, together with the difficulty of form- 
ing a complex nucleus, more than offset the 
influence of a change in concentration gradients. 

On the basis of the foregoing speculations, it 
is possible to explain why these elements have 
relatively little effect on the position of the bainite 
portion of the isothermal transformation curve, 
since, in this range, the carbide formed is com- 
monly alloy-lean cementite which differs but little 
from that formed in carbon steels. 

In conclusion, it is now possible to answer, at 
least in part, the questions with which this dis- 
cussion began. The composition of cementite 
appears to vary measurably in several different 
ways. When in equilibrium with austenite its 
carbon content may be significantly less than that 
corresponding to the formula Fe,C, the deficiency 
increasing with increasing temperature. It is 
possible that carbon may be replaced to a limited 
extent by nitrogen. Iron atoms can be replaced by 
atoms of other carbide forming elements which 
can fit into the cementite structure —- more specif- 
ically, by atoms of manganese, chromium, molyb- 
denum, tungsten, or vanadium. At equilibrium, 
on annealing, or on isothermal transformation in 
the pearlite region, these elements tend to concen- 
trate in the carbide phase, depleting the matrix 
and altering many of the properties of the steel. 

These answers are admittedly neither final 
nor complete. Moreover, they raise, in turn, a 
number of other questions; indeed, I have in this 
lecture raised more questions than I have settled. 
But these new questions serve to emphasize gaps 
in our knowledge and will, I hope, stimulate inves- 
tigation in this fruitful field in which Professor 
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- sentence was suddenly intern pted. 
The Mystery Fred turned just in time to see him : 
floored, evidently by a blow from a 
grotesque Figure who had appeared 
without warning. It wasn’t The Fig- 
ure, however, but a rough fellow who 
looked like an ex-heavyweight. 
of the Instead of causing an alarm, the blow 
seemed to draw no one’s interest 
beyond a casual glance, and the man 
who had been hit got up and went on 
with his argument. 

; “Queer fish, these Metallurgists”, 
Metal Congress muttered Fred and took up again his 
search for the Figure on the stairs. 
During the next hour his efforts 
yielded nothing except contacts with 
some incidents so strange that he 7 
sought out a bar to try to figure it all that 

out. He was happy to see among the 

7 patrons the man who had been 
SLow Ly and stealthily the Figure crept up the knocked down earlier in the day. Since he was in 


— fea or 


stairs. Its approach had been so quiet that Fred company with a bright looking girl, Fred decided 
Queary, plodding up the steps, might not have he really must join them, his hopes of a story very 
seen it, had it not brushed against a man right high indeed. 
ahead of him. Fred was a reporter, and reporters “How do you like the Show?” asked Fred after 
are supposed to be hardy souls, yet the unrealistic he had gotten around to introduce himself and 
Form sent a shiver through him. Then Fred had found his companions were Ann Ealing and 
received a second shock. Although pushed to one Norm A. Lyse, chief metallurgist of a company 
| side by the Thing, the man ahead gave no sign whose name he did not recognize. 
that he saw who did it! “Fine Show, same as usual,” answered Norm, 


Fred stopped and collected his thoughts. A | 

week ago, when he had been assigned to cover the | 

National Metal Congress for the Filac Blowhole, 7h \ yr | 

he had been bitter. Why should a layman like xs | 

himself try to get news out of a technical conven- 

tion that was to be covered by top-notch technical 

writers? Even an hour ago, as he tried to brighten 

the prospects at a nearby tavern, the best he had 

been able to hope for was a glow, so he wouldn’t 

mind too much if he did learn something in the 
endless exhibits. But this Apparition, or what- 
ever it was, this Apparition! —he might get a 


story yet. ‘ \y 
tory yet \\ 


He hurried on into the Auditorium and looked \N \ 
around quickly to see what had become of It. \' \4 
Hundreds of men and women moved from one \ ee 
exhibit to another. Here and there pairs or \S x 
groups were earnestly discussing points of interest 
as they examined the displays. Only a few feet 
away two men were arguing: 

“Maybe so, but for toughness I say... .” His 





Floored by a Grotesque Figure 
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while Ann insisted it was even better than ever. 

“Do you always have fights at these things?” 

“What fights?” said Norm, bristling. 

“[ mean these queer guys going around 
knocking things over,” countered Fred. 

“Oh them, sure. You aren’t a metallurgist, I 
can see.” 

“Now, Mr. Lyse, what is the idea of that little 
fellow in a red suit that tears about pushing peo- 
ple? I saw him go right between two friends 
shaking hands. Why don’t they tie him down or 
kick him out? Who is he?” 

“He’s Well D. Bility. He comes every year. 


A crash at the end of the bar interrupted the 
sentence. Without waiting his turn a strapping 
youngster in poorly-fitting evening clothes muscled 
his way to the bar and upset several people in his 
eagerness to get service. 

“That’s Harden A. Bility,” said Lyse in a 
matter of fact tone. “Walter Jominy got him 
formally introduced here and now we can’t hold 
him down. It’s funny, too-——he’s making a lot 
of friends even though he does upset some.” 

“I thought he was supposed to be someone 
of importance, incognito”, volunteered Ann. “He 
certainly has a definite charm.” 





Harden A. Bility Muscled His Way Into the Scene 


He is somewhat of a mystery. We'd all like to put 
him to work in our plants, but so far he just 
pushes us around and causes arguments, so we 
mostly ignore him.” 

Fred was puzzled; it seemed a little vague. 
He tried a different lead. “Now that angular per- 
son, you probably saw him. Everyone in the 
National Silumin booth ducked when he came 
there, yet I saw two other exhibits push him out. 
In most of the places where he went the people 
didn’t seem to know he existed. Do you know 
the guy I mean?” 

Norm sipped his drink as he pondered. “Prob- 
ably it’s Notch Sensitivity, from your description. 
We used to think he was a figment of the imagina- 
tion, like a ghost, but Doc. Hoyt and Doc. Gensamer 
and Doe. McAdam all proved he was very much 
alive. So now we have to live with him! The 
Worst of it is, the birds who have gotten the best 
acquainted with him each has a different name 
for him, the troublesome .. . .” 


“He has,” said her metallurgist friend, “but 
just how important is he, and what others should 
he replace? I tell you, sometimes I wish I had 
taken the cloth. We metallurgists have to contend 
with Grain Growth, Second Hardness, Creep, and 
De Carb, we have Stress Corrosion and Mike Row- 
shrinkage and Fat Teague and Austin Iittick. 
Some, I think, are ghosts, but some are sure real 
enough. We think they all can be licked and 
made to work for us. But they have us guessing. 
Now take Tuff Ness. I think he is best shown up 
by the notched Charpy. No one can spoil that 
argument.” 

Whack! 

Fred turned to find his friend again flat, the 
same Fellow standing over him as had hit him 
earlier. 

“I’m Tuff Ness,” said the Bruiser, as he went 
away with Ann on his arm. 

“See what I mean?” said Norm, resignedly. 
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Piercing Mill Making a Seamless Tube of 7% Chromium Steel (Timken Roller Bearing Co.) 














Alloy Steels 


Intermediate 


in Chromium 


In THE LAST issue of Metal Progress, starting 
on page 897, was an article entitled “Require- 
ments of Steels for High Temperature Service”, 
which also discussed with some generality the 
influence of composition, structure, and prior his- 
tory on the suitability for long service under severe 
conditions. What follows is really a continuation 
of the November manuscript, and will attempt to 
show how the general principles have been suc- 
cessfully applied to alloy steels intermediate 
between the older chromium steels containing 
respectively 5 and 12% chromium. 

The more common types of intermediate alloy 
steels now available for high temperature service 
are as follows: 

4 to 6% Chromium Type Steels 

Plus 0.50% Mo (A.LS.I. Types 501 and 502) 

Plus 0.50% Mo+1.5% Si 

Plus 0.50% Mo+1.0% Si+0.50% Al 

Plus 0.50% Mo+Cb 

Plus 0.50% Mo+ Ti 

Plus 1.0% Mo 


Chromium Above 6.0% 
6 to 8% Cr+0.50% Mo+1.0% Si (max.) 
6 to 8% Cr+1.0% Mo+1.0% Si (max.) 
8 to 10% Cr+0.50% Mo+1.0% Si (max.) 
8 to 10% Cr+1.0% Mo+1.0% Si (max.) 
8 to 10% Cr+1 to 1.5% Mo+0.50% Si (max.) 


There is a historical basis for classifying them 
into two groups, since the 4 to 6% chromium steels 
were among the first developed for high tempera- 
ture service and the higher alloyed steels may, in 


By Claude L. Clark 


Research Metallurgical Engineer 
Steel and Tube Division 
Timken Roller Bearing Co. 
Canton, Ohio 


many respects, be considered as modi- 
fications of this original grade. 

4 to 6% Cr-Mo type steels were 
originally introduced because of their 
superior corrosion resistance to plain 
carbon steel in hot petroleum prod- 
ucts. At the time (1927), it was 
commonly believed that all of the 
pearlitic type steels possessed the 
same high temperature load-carrying 
ability. As mentioned in the intro- 
ductory paragraphs, the first steel 
contained no alloying addition other 
than chromium, but it was soon found 
that this straight chromium steel was 
susceptible to “temper embrittle- 
ment”, in the sense that, after pro- 
longed service at temperatures within 
the range of about 800 to 1000° F., it 

lost a considerable part of its room temperature 
impact resistance. It was found that this could be 
corrected by adding tungsten or molybdenum, and 
a very large percentage of this analysis made today, 
in either its standard or modified form, contains 
0.50% molybdenum. 

The American Iron and Steel Institute has 
standardized two types with chemical composition 
4.00 to 6.00% Cr, 0.03% max. S, 0.04% max. P, 
1.00% max. Si and 1.00% max. Mn. Type 501 
has carbon over 0.10%; Type 502 has carbon 
0.10% max. Physical properties in the annealed 
condition, as given in Section 24 of the A.LS.I. 
“Steel Products Manual” (May 1946) are as shown 
in Table III on the next page, and readily achieved 
mechanical properties in Table IV. Recommended 
thermal treatments are as follows: 


Type 501 
2100 to 2200” F. 


Type 502 
Initial forging 2100 to 2200° F. 
Full annealing: 
Cool slowly from 
Low annealing 
Quenching 
Tempering 


1525 to 1600°F. 1525 to 1600° F. 

1325 to 1375° F. 1325 to 1375° F. 

1600 to 1700° F. (Generally used 
400 to 1400° F. ) as-annealed 


More recently — that is, within the last ten 
years or so—certain other changes have been 
made in this analysis so as to improve certain of 
its high temperature characteristics. While the 
corrosion resistance is ample for the refining of 
many crude petroleums, its oxidation resistance 
decreases rapidly at temperatures over 1200° F. 
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Table III* — Physical Properties of Types 501 and 
502 in the Annealed Condition 


Modulus of elasticity in tension 29.0 * 108 psi. 


Density, lb. per cu.in. 0.28 
Specific electrical resistance at room tem- 
perature, microhms per cm. per sq.cm. 40 
Specific heat, B.i.u. per lb. per °F. 
(32 to 212° F.) 0.11 


Thermal conductivity, B.t.u. per hr. per sq.ft. 
per ft. per °F. 
at 212° F. 21. 
at 932° F. 19. 
Mean coefficient of thermal expansion per °F. 
32to 212°F. 6.2 x 10°6 


or bo 


32to 600° F. 6.8 x 10°6 
32 to 1000° F. 7.2 X 10°6 
32 to 1200° F. 7.3 X 10°6 


Melting point range 2700 to 2800° F. 


Magnetic in all conditions 


Referring to our previous discussion it is evident 
that this oxidation resistance can be improved by 
the addition of either silicon and aluminum or 
both. Consequently modifications were developed 
containing up to 1.5% silicon, and also 1.0% sili- 
con plus 0.50% aluminum. Since aluminum is a 
powerful ferrite former it is evident that the 
amount of this element must be limited if a two- 
phased structure is to be avoided. The beneficial 
effect of this increased silicon content on the 
oxidation resistance has been previously shown in 
Fig. 7. 

This effect is shown somewhat differently in 
Fig. 10. With silicon at 1.0 to 1.5% this steel has 
a high resistance to oxidation in air up to and 
including 1500° F. Without this, resistance 
decreases rapidly at temperatures over 1200° F. 
The addition of 0.50% aluminum to a 1.0% silicon 
steel has the same influence at temperatures up to 
1500° F. as a further increase in silicon to 1.50%, 
but at the higher temperatures the combination is 
more effective than the higher silicon alone. Oxi- 
dation resistance of all of these steels, however, 
breaks down over 1500° F. Service data from cer- 
tain refineries also show that the increased silicon 
and the aluminum addition improve the resistance 
to hot petroleum products. 

A characteristic of the 4 to 6% Cr-Mo steel 
and of the modifications mentioned, which is 
detrimental for certain types of applications, is its 
pronounced susceptibility to air hardening. 
Depending on the chromium and carbon content, 
hot rolled bars of this steel may possess a Brinell 
hardness of the order of 400. Likewise in anneal- 
ing, the cooling rate must be slow and carefully 
controlled or the resulting hardness will be greater 


*Tables and figures are numbered consecutively 
with article in last month’s Metal Progress. 


Temperature, F 
§ 


than desired. This hardness, of course, r .:}ts 
from the dispersion of carbides in a finely divideg 


form throughout the matrix, thus producing a 
martensitic structure (Fig. 2, page 900, Noveiber 
issue). 


There are two possible procedures for elimi- 
nating this. One consists of so adjusting the 
analysis that only a relatively small amount of the 
steel undergoes the gamma-to-alpha transforma- 
tion on cooling. This results in a two-phased stee| 
(Fig. 4, page 900, November issue). 

The other method consists in removing carbon 


1800 (—095Si+052Al 
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Fig. 10* — Influence of Silicon and Aluminum on the 
Oxidation Resistance in Air of Types 501 and 502 


from the field of reaction. Theoretically this 
could be accomplished by having carbon-free steel 
but this is not only impossible to produce on a 
commercial scale but would also adversely affect 
the mechanical properties. This same result could 
be accomplished by the addition of elements which 
not only have a very high affinity for carbon bul 
also whose carbides are highly insoluble at the 
temperatures used for heat treatment. Both 
columbium and titanium fulfill these requirements, 
and their addition therefore has the same influ- 
ence, insofar as hardening is concerned, as 
decreasing the carbon content. 

For the complete elimination of air harden- 
ing characteristics it is often recommended that 
the columbium content be seven to nine times the 
carbon content and the titanium content be five to 
seven times the carbon content. Both of these 
elements are, however, ferrite formers, and !2 
order to prevent the appearance of appreciable 
amounts of free ferrite in a duplex microstructure 
it may be necessary — especially when relative'y 


large amounts of additional ferrite formers :'e 
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pres nt —to use somewhat lower amounts. Some 
air hardening ability will remain, but the analyses 
can be so adjusted that the maximum Brinell will 
not exceed 200. 

lt is claimed that the addition of either of 
these elements will increase the surface stability 
since, through their addition, the chromium which 
would ordinarily be combined with the carbon 
is released for solution. While this would have a 
beneficial influence, the degree of improvement 
would be of a relatively low order of magnitude. 
it may be, of course, that these elements exert a 
more appreciable influence on the type of pro- 
tective layer produced. 

Columbium is also said to increase the creep 
resistance, and Fig. 11, by the Electro Metallurgi- 
cal Co., is advanced as proof. The columbium- 
bearing steels were, however, tested in the hot 
rolled and tempered (1380° F.) condition while 
the simple steel was in the annealed state. Heat 
treatment, and thus the structural characteristics, 
may account for a portion of this difference. In 
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Fig. 11 — Creep Strengths (1% in 10,000 Hr.) of Low 
Carbon 5% Chromium Steel With Columbium and 
Molybdenum Additions (Electro Metallurgical Co.) 


fact our own results at Timken Roller Bearing Co. 
indicate the differences to be slight when all of 
the steels are in the annealed state. Even so, how- 
ever, the addition of columbium or titanium would 
he beneficial, for through their addition the nor- 
malizing and tempering treatment could be more 
readily applied commercially, and there would be 
less damage from unwise welding or heating dur- 
ing fabrication or repair. 

The rate of deformation used in determining 
the load-carrying ability may also have an appre- 
ciible influence on the test results. The 100,000-hr. 
ruvture strength of certain of the 4 to 6% Cr-Mo 


Table IV — Mechanical Properties of 
4 to 6% Cr, 0.5% Mo Steel 
Type 501 Type 502 
(C >0.10%) (C <0.109%) 
Plate, bars and forgings (annealed) 


Tensile strength 70,000 65,000 
Yield at 0.2% offset 30,000 25,000 
Elongation in 2 in. 28 30 
Reduction of area 65 75 
Brinell hardness 160 150 

Izod test 85 ft-lb. 


Creep strength; load for 1% elongation in 10,000 hr. 


At 900° F. 16,000 psi. 
At 1000° F. 9,000 
At 1100° F. 5,000 
At 1200° F. 2,000 
At 1300° F. 1,500 


Type 501 Bars, O11 QUENCHED From 1650° F. 


TEMPERED TEMPERED TEMPERED 
1000° F. 1100° F. 1200° F. 


Tensile strength 175,000 140,000 115,000 
Yield at 0.2% offset 135,000 110,000 90,000 
Elongation in 2 in. 15 18 20 
Reduction of area 50 55 60 
Brinell hardness 370 290 240 


modifications are shown in Fig. 12. All of these 
steels were annealed from 1550° F., and it will 
be observed that at temperatures of 1100 to 1300° 
F., inclusive, the titanium modification possesses 
the lowest rupture strength. At the lower temper- 
atures (that is, 1000 and 1100° F.), the standard 
4 to 6% Cr-Mo steel has the highest strength, while 
at the more elevated temperatures the silicon 
modification is the outstanding one due to its 
greater surface stability. 

These values were determined under slightly 
oxidizing conditions. If the atmosphere had been 
more highly oxidizing or if it had been corrosive, 
certain of the modifications might have showed 
to even greater advantage. 
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Fig. 12 — Rupture Strength at 100,000 Hr. of 
t to 6% Cr-Mo Steel and Several Modifications 
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Fig. 13 


Chromium 


9% 


Chromium Over 6.0% 

-As previously indi- 
cated these steels may be 
considered as modifica- 
tions of Types 501 and 
502, their main difference 
being the increased chro- 
mium. The effect of the 
same additional alloying 
elements would, in gen- 
eral, be the same as with 
the steels previously 
discussed. However, 


Comparative Corro- 
ston Resistance of 5%, 7% and 
Type Steels 


Relative 
Corrosion Resistance 
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S 9's 
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Penetration 
IN 1000 HPs., Inches 
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working, such as in expanding 
into tube return headers. 

As in the case of Type 501 
and 502, the corrosion resistance 
of this group of higher chromium 
steels can be further enhanced by 
increasing the silicon, or by the 
addition of aluminum. 

Increasing the chromiuin js 
not for the purpose of increasing 
the prolonged high temperature 
strength. In fact, on the basis of 
the stress required for a creep 
rate of 0.10% per 1000 hr., the 
reverse may be true —as shown 
in Fig. 14. If the steel contains 
about 0.50% molybdenum and 
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5 & 7 8 9 1.0% silicon, the creep strength 
because of the higher Chrormum Content % decreases progressively 
chromium, these steels as the chromium content 
are nearer to the outer , In Rate: | is increased from 5.0 to 
boundary of the gamma loop, and conse- 210 % Ler 1000 He 7.0 to 9.0%. Molybdenum 
quently they are more readily made two- 6} _+— : 4 is beneficial up to 1.0%. 
phased by the addition of the ferritic \ 8007 10 Mo although even with this 
formers silicon, aluminum and molybdenum. 5 |S [ 706r10MO higher content both the 
If a single-phase steel is desired, the silicon Ws 49-606r 05 Mo 7.0 and 9.0% chromium 
seldom exceeds 1.0%: likewise (especially ~ \ | steels possess creep char- 
in the 9.0% chromium type), the molybde- < 4 Nn 7 acteristics very similar to 
num content should not exceed about 1.0%. Ss “. | that of Type 501 and 502. 
On the other hand, if nonhardenable ferritic =a 5K In other words, the 
(or even partially ferritic) steels are desired, e increased chromium is 
this group affords a convenient basis from BS pl _| detrimental insofar as 
which to start. 9 0 

Increased chromium is primarily for | | , , 
increasing the corrosion resistance, espe- , | rT CUTSCS~=~«Y Fig. 14 (Left) 7 Creep 
cially in hot petroleum products, rather than Strength of Higher Chro- 
the oxidation resistance. Improvements in DDD EGG 7300 mium _ Steels Contain- 
this latter property can be obtained more Temperature, F ing 1% Silicon (Max.) 


economically through the addition of silicon 
or aluminum to the lower chromium steels. 
For example, on the basis of 1000-hr. labo- 
ratory tests in air, the oxidation resistance 


, A le ] | 
of each steel of this group is of the same 100000 Hr Rupture Strength 
order of magnitude and also nearly identical 
to that of the high silicon modification of the 4 to 6% Cr-Mo 10" ee 


steel. 


Improvement in corrosion resistance as the chromium 
content is increased above 5% may vary greatly, depending 
upon the type of crude and the operating conditions. 
definitely known, however, that these higher chromium steels 
are rendering satisfactory service in applications in which 
the regular Type 502 was unsatisfactory. 
Fig. 13, results from one refinery indicate that, under their 
particular conditions, the corrosion resistance of the 7% chro- 
mium steel is over five times that of the 5% chromium steel, 
and that of the 9% chromium steel, about six times. 
reports also indicate that the corrosion resistance of the 9.0% 
chromium type steels is influenced to a greater degree by cold 


Fig. 15 (Below) — Rupture Strength (100,000 Hr.) of 
Higher Chromium Steels Containing 1% Silicon (Max.) 
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the creep strength is concerned, but this can be 
counterbalanced by an increase in molybdenum. 
(hat deformation rate may be an important 
in the evaluation of the load-carrying abil- 
ty of these steels is again apparent from the 
valu s of Fig. 15. When the 100,000-hr. rupiure 
strength is used as the basis of evaluation, then 


? 
fact 


the strength increases as the chromium goes up 
io 7.0%, and is further increased by an increase 
in molybdenum. A further increase to 9.0% Cr 
lowers the strength below that of 4 to 6% Cr-Mo 
stee! at all temperatures except 1100° F. Increas- 
ing the molybdenum in the latter to 1.0% results 
in a rupture strength superior or equal to that of 
the 7° Cr, 1.0% Mo steel at 1100 and 1200° F., 
but at the higher temperatures the strength falls 
off at a more rapid rate. 

It is apparent that broad generalities cannot 
be drawn with respect to the load-carrying ability 
of these higher chromium steels; their relative 
merits depend both on the rate of deformation and 
the temperature. However, for oil cracking still 
tube service it is believed that the higher rates ol 


deformation such as in the stress-rupture test 
at high loads should be used in evaluating the 


load-carrying ability. 

Again it must be realized that all of the stress 
values which have been presented were determined 
by experimentation in air, Under more highly 
oxidizing conditions, or 
in the presence of severe 
corrosion, these higher 
alloy steels would show 
to greater advantage 
because of their increased 
surface stability. 


Conclusions 


In this discussion 
attempts have been made 
first to set forth the char- 
acteristics steels must 
possess for satisfactory 
high temperature service 
and to indicate how these 
required properties vary 
hot only in different 
industries but in different 
applications within the 
same industry. 

The more common 
aloving elements were 
then classified and it was 
shown that some of them 


ing the high temperature surface stability and 
others for improving the strength of alloy steel. 
Certain also tend to produce a two-phased struc- 
ture and, if this is not desired, the so-called ferrite 
and austenite formers must be balanced so that 
the resulting steel will be single-phased. 

The way in which these alloying elements 
have been used in the development of high tem- 
perature steels was then reviewed, with the idea of 
showing that each element present serves a dis- 
tinct and necessary function and that it has not 
been added simply for the purpose of making the 
alloys more complex or for increasing the number 
of steels available and thus complicating the pic- 
ture for the designing engineer. 

While the number of steels now available for 
high temperature service may appear to be exces- 
sive, a distinct need still exists for steels capable 
of withstanding more severe conditions of tem- 
perature and stress. This is especially true for 
continuous service at temperatures of 1900° F 
and higher, and even for lower temperatures when 
the working stresses are large and the permissible 
amount of deformation is very small. The next 
few years should see considerable developments 
in this particular field as certain technological 


processes, now in the laboratory stage, could be 


applied commercially when such alloys become 


available. ~] 





suitable for increas- Pierced Seamless Tube Emerging From Reheating Furnace, Enroute to Sizing Mill 
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Nuclear 


5 BerNnarp M. Barucn, United 

States representative, transmitted a_ brief 
report on nuclear power to the United Nations 
Atomic Energy Commission, based on a study by 
Ciartes A, THomas, vice-president of Monsanto 
Chemical Co. (which operates the Clinton labora- 
tories at Oak Ridge) aided by a scientific and 
engineering group. Costs were figured on a modi- 
fied Ilanford pile, on which much design and 
operating information is available, except that the 
power unit would operate at a higher temperature 


N September 


Power 


greatly affected by the large investment, which | 
reflected in the interest, depreciation and main 
tenance charges. .. . It seems reasonable that future 
development will result in a reduction in thy, 
investment and operating cost. 

‘““It is not altogether a case of nuclear power 
versus coal, gas, oil or water power, because the 
nuclear power plant has advantages and fields of 
application not open to other types of power pro 
ducing units.’’ Only a trivial amount of fuel need 
be brought in and necessity for large amounts o 





















































































































































t- Fission Protuct 
Daniels 


and all the plutonium formed would be recovered 
for later consumption in the pile. A complete plant, 
including all auxiliary equipment, to produce 
75,000 kw. ‘‘ecould be built in a normal locality in 
the eastern United States for approximately 
$25,000,000; operating at 100% of capacity and 
figuring interest at 3%, the operating cost would 
be approximately 0.8¢ per kw-hr. 

‘This is to be compared with a coal power 
plant which would cost $10,000,000 under the 
same conditions. With high quality coal at $7 per 
ton delivered to the furnace, the operating cost 
would be approximately 0.65¢ per kw-hr. Equality 
of operating costs between coal power plants and 
nuclear power plants would be reached if the coal 
cost $10 per ton. 

‘“*The operating cost of nuclear is 


power 





ftomic Power Plant 


cooling water may be avoided by using gas instead 
of steam turbines. 

‘*It is the belief that a comparatively smal! 
standardized power plant will be developed. Such 
ean be placed at strategic points on all established 
utility systems, and would greatly reduce powe! 
transmission costs.”’ 

A War Department news release on Novembe! 
22 contained a diagram of a power pile, suggested 
by FARRINGTON DANIELS of University of Wisco! 
sin, consultant to Clinton laboratories, and 
which is based a pilot plant now being designed ! 
the staff at Oak Ridge. (General Electric Co., wh 


operates the Hanford works in Washington, 
working on several different designs of nucle 


for the generation of electric power, | 
design has yet been agreed upon. A & 
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ernm nt-owned laboratory is being built at Sche- 
nectidy, to be operated under contract by General 
Electric Co., to further these studies and to 
invesiigate the specifie problem of ship propulsion 
by nuclear energy. Thus, two prime contracts have 
heen awarded for the development of power, one 
to Monsanto Chemical Co.—to work at the Clinton 
laboratories at Oak Ridge, Tenn.—and to General 
Electrie Co.—to work at Hanford, Wash., and at 
Schenectady, 

Problems actively worked on at Oak Ridge are 

a) the shape and size of the fuel unit, (6) the 

transfer of heat at 650 to 950° F. to the prime 
mover, (¢€) the method of loading and unloading 
the pile, (d) the automatic remote control of all 
equipment and (e) the protection of personnel 
against radiation. Emphasis must be laid on long 
life and great reliability, since any pile, once 
operating, is difficult and dangerous to shut down 
for maintenance. This first pilot plant is not 
expected to be in operation much before the end 
of 1947, 

To quote the War Department’s announce- 
ment: 

‘Although there is a remote possibility that, 
in the future, some of the energy available within 
the atom may be released directly through a 
medium other than a heat engine, such a device is 
not at present known. Atomic energy is simply a 
new fuel; current work is concentrated on adapting 
present power producing techniques and equipment 
to this new type of fuel. As matters stand, no ele- 
ment of a power plant ean be omitted when nuclear 
energy is used to replace our present forms of fuel, 
although fuel handling equipment will be greatly 
reduced in size and may be omitted entirely in 
plants designed to operate for a limited time. 

Difficulties in design and construction fall 
into four categories : 

‘‘Materials of construction must be found 
Which possess strength, resistance to deformation, 
and ability to withsiand very high temperature, 
but also have the additional quality of not breaking 
down under neutron bombardment. 

‘Theoretically, a suitable heat transfer 
medium or pile coolant may be ordinary water, 
heavy water, gases, or liquids other than water. 
Several liquid metals are being studied, but little 
is known of their properties from a nuclear and 
corrosive standpoint. 

“Auxiliary and operating equipment must 
be developed. Pumps, blowers, valves and heat 
exchangers may become radioactive, and must be 
absolutely tight, trouble-free and require either 
ho maintenance for extended periods of time or 
maintenance by remote control apparatus — which 
entails obvious difficulties. 

‘Protection of operators against neutrons and 
gamma rays is the fourth field of difficulty. The 
ralioactivity emanating from a power pile is the 
eq valent of tons of radium; much of this persists 
even after the pile is shut down.’”’ 








Correspondence 


Sampling a Lot, and Life Tests 


KimpBerty, Wis. 
To the Readers of Metra. ProGress: 

Two items in the August issue | both being due 
to The Editor’s additions} are responsible for 
these comments. 

The first is the footnote on page 289 of the arti- 
cle by F. J. Robbins on “Statistical Control Applied 
to Wrench Manufacture”. The first two sentences 
of this footnote read as follows: “Many of those 
who have had no experience with sublot inspection 
have difficulty in accepting the idea that the quality 
of the uninspected material is the same as the qual- 
ity of a properly inspected sample — at least to a 
very high degree of probability. (The same persons 
would doubtless accept the results of a chemical 
analysis of a proper sample of a shipload of iron 
ore, although the determination was actually made 
on an infinitesimal portion of the whole.)” 

Perhaps the first sentence needs qualifying, 
because —-except a lot is made under statistical 
control —- we cannot estimate the lot quality from a 
small sample. If control exists, a small sample 
might contribute to an estimate, but many samples 
from prior lots would also contribute in aggregate 
a much larger share of the total information. Fig- 
ure 1 of Robbins’s paper, for instance, shows lack 
of control, so we have little knowledge of the source 
of any one lot and, consequently, are not justified 
in making statements about its uninspected portion 
nor in attaching any “high” probability values to 
the guesses we may make, even if our sample is 
perfect. 

Referring to the second sentence of the foot- 
note, | would perhaps agree that standard commer- 
cial methods of sampling bulk materials have some 
shortcomings. Yet what is the alternative to testing 
a “proper” composite sample of a shipload of iron 
ore? Such a composite gives an estimate of average 
quality. Another estimate could be obtained by 
averaging arithmetically the analyses of many por- 
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tions, but is one estimate any more precise than 
the other? Not if the sampling is “proper”. There 
is no relief from the fact, in either procedure, that 
only a small portion of the lot is actually subjected 
to analysis. It is true, however, that the composite 
sample loses for us the opportunity of estimating 
the “within shipload” variability which would 
enable us to test the differences “between shiploads” 
for significance. The latter problem is generally 
not involved in determining average quality as a 
basis for payment, and it probably will not be until 
the umpires or purchase agreements require that 
the precision of our averages be stated. 

The second item deserving of comment is in 
the “Critical Point” which discusses variability in 
tests on bearings. Viewing The Editor’s remarks 
from the angle of statistical control, one might not 
be alarmed at wide variation in life of bearings 
even the quoted “one to ten” — sinee such variabil- 
ity does not of itself indicate lack of control in 
processing. Perhaps it is characteristic of bearings, 
their manufacture and testing, to exhibit large vari- 
ability in life within lots. If so, the appraisal 
between lots or between sources will require very 
large samples; it is possible to caleulate just how 
large the sample must be in order to give any 
desired probability of detecting a difference of a 
chosen amount when it exists. 

Similarity of life-to-failure curves to mortality 
curves used by insurance actuaries should surprise 
no one. Otto Almen has presented such curves for 
many automotive parts and for a “lot” of fatigue 
specimens. A mortality curve could be drawn for 
the folding endurance of the paper upon which 
Metal Progress is printed, and it would resemble 
that for ball bearings. Is this a “happen-so”? The 
quality control engineers have been telling us that 
qualities of many industrial products have been 


. 


found to approximate the “normal” distribution 
when plotted as frequency polygons and the life 
characteristics such as fatigue strength of metals, 
fold strength of paper, wear of textiles, burning 
time of lamps, are no exceptions. 

It is a simple matter to transform one of these 
life-to-failure frequency distributions into a life-to- 
failure cumulative distribution on a common basis 
with cumulative curves of other products. (All such 
curves show the per cent surviving against per cent 
of average endurance.) Some failures will always 
occur before others in any one lot of product, due 
to individual differences, so it is perhaps better to 
speak of reducing “within-lot’ variation” than of 
“infant mortality”. 

Reducing within-lot variation may take much 
doing, but it must be done if the engineer is to be 
relieved of the necessity of using excessive factors 
of safety. But even when lots of bearings of satis- 


factory average life, of very low variability \ ithi 
lots, and of statistical uniformity between lois ap, 
produced, the life-to-failure curves will appear { 
look like mortality curves. 

Actually, that fact is one strong argument fo; 
application of statistical method to the analysis of 
industrial quality problems. 

A. P. BELLINGHAUSE: 


Phantom Halfback 


CINCINNATI, Otto 
To the Readers of Meta... ProGress: 
Here is a picture of a Phantom Halfback that 
two of our students, F. Keiffer and F. Westermann 
uncovered a couple of years ago in the examination 


of a specimen of deearburized Nitralloy that had 
been nitrided. The picture was taken at a magn 
fication of 1800 perhaps a measure of the 
emphasis given the sport in certain quarters, 
JoHN F. KAHLES 
Asst. Prof. of Metallurgy 
University of Cincinnati 


Hydrogen in Metals 


Paris, FRANC! 
To the Readers of Merat Progress: 

Important among the impurities always pres- 
ent in industrial metals and alloys are gases 
particularly hydrogen. In order to understand 
how hydrogen influences the metal’s properties i! 
is necessary to know by what mechanism 1 
remains fixed in the solid in other words, the 
relationship between hydrogen and the structure 
of metals. 

Our knowledge of this subject has progressed 
considerably during the past few years and the 
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problem has been much clarified by Professor 
Chaudron and his associates in France in their 
systematic study of the state of this gas in metals 
and their improved methods of adding and extract- 
ing hydrogen. In their studies they combined the 
yse of metallographic analysis, X-ray crystal 
analysis, and tests of mechanical properties 
particularly hardness and elastic limit. The con- 
clusions of these investigations may be briefly 
summarized as follows: 

At very low temperatures the hydrogen mol- 
ecules (H,) are superficially fixed according to 
the ordinary laws of adsorption, but as room tem- 
perature is approached these molecules dissociate 
at contact with the metallic surface resulting in 
a superficial fixation of atomic hydrogen which 
then diffuses in the metal, atom by atom. They, 
being very small, always seem to be able to find a 
place in the voids of the structure so there is no 
major transformation of the metallic structure. 

Three sorts of voids in metal have been recog- 
nized into which hydrogen can diffuse: 

1. INTERGRANULAR Votps —— Between the vari- 
ous crystals or grains that make up the metal 
structure are amorphous or decrystallized zones 
which may harbor voids. Hydrogen diffuses rap- 
idly in these regions. When they exist in iron 
alloys, inclusions or blowholes of molecular hydro- 
gen will be formed under very high pressure. This 
phenomenon promotes the well-known pickling 
brittleness in iron. Under proper conditions of 
time and temperature, the gas in these pockets 
is reabsorbed by intergranular migration of the 
hydrogen toward the surface, and the metal then 
recovers its original mechanical properties. 

2. INTERCRYSTALLINE OR Mosaic Vorps | It is 


believed by many that metal erystals do not have 
a perfect network structure, but are formed by 
the juxtaposition of tiny, uniform crystalline 
blocks or microcrystallites (whose dimensions are 
at the extreme observable limit of the microscope, 
yet are much too large to be revealed by X-rays). 
When a single crystal of iron was exposed for 
many hours to cathodic hydrogen, a very fine 
division of the crystal was observed by Prof. 
Chaudron, seen only with the greatest possible 


microscopic enlargement. This gives experi- 
mental proof to the existence of the so-called 
superstructure in the iron erystal | more properly 


‘ 


it should be called the “substructure”, or “infra- 
structure” -and likewise provides an interpre- 
tation of some previous investigations on the 
solubility of gases in metals. 

3. INTERATOMIC oR Network Vorps Palla- 
dium, which can dissolve a thousand times its 
volume of hydrogen, has been used to demonstrate 
by X-rays the insertion of atoms of hydrogen into 
the crystalline lattice or network. The dimensions 
of the unit cell increase in proportion as the atoms 
of hydrogen are inserted, Palladium can be so 
charged with hydrogen by making it the cathode 
in an electrolytic bath. X-ray investigations will 
reveal, in addition to the alpha-phase pattern of 
the palladium, a new and evanescent constituent 
(beta) that disappears very rapidly and whose 
structure does not differ from that of the patta- 
dium except in the value of the parameters. As 
the time of electrolysis increases, the parameters 
of the alpha and beta phases increase. 

In conclusion, it may be said that metal pos- 
sesses a sort of zeolitie structure, as far as hydro- 


gen is concerned, in three scales micrographic 


State of Hydrogen in Iron and Its Influence 








INTERATOMIC 
(in the Crystalline Network) 


Hydrogen content About 200 cc. per kg. 
Method of introduction By low voltage electrolysis 
(less than 100 volts) 
Extraction (cold) By ionic bombardment 
Effect on properties 
Hardness None noticeable 


Modulus of elasticity Increases 10% 
(reversible) 
Bend test 
Effect on structure 
Micrographic None 


Crystalline (X-ray) None for iron, but very 
noticeable and _ irreversi- 
ble with palladium 


INTERCRYSTALLINE INTERGRANULAR 
(in the Mosaic Structure) | (in the Micrographic Structure) 


About 2000 ec. per kg. About 200 ce. per kg. 

By electrolysis at voltages | By acid attack of a polyerys- 
higher than 100 talline metal 

By ionic bombardment In vacuum in a few hours 

Increases with gas content! Irregular (reversible) 


(reversible) 
Rapid drop above 1500 Considerable drop 
ec. per kg. (irreversible) (reversible) 
Decreases number of bends 
from 10 to 1 (at 200 ce./kg.) 


A “superstructure” ap- Intergranular attack and blow- 
pears at 2000 diameters holes (reversible) 
Fuzzy rays None 
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or granular, crystalline or mosaic, and interatomic. 

These various methods of combination of 
hydrogen help to explain the effect of gases on the 
physical and mechanical properties of metals, as 
outlined in the table [on page 1207 

ALBERT PORTEVIN 
President 
French Society for Metallurgy 


Alphabetical Nuclear Physies 
or 
History Repeats Itself 


LONDON, ENGLAND 
To the Readers of Mevau Progress: 

I have read and duly relished the account pub- 
lished in your journal (August 1946, page 310) of 
the researches on “Alphabetical Nuclear Physics” of 
Mr. Marmaduke Gwynne of the romantic spot 
known as Broken Hill Gulch, Utah. 

Just for once, in a way, the old country has 
beaten the U.S.A. to it! In 1866, J. A. R. Newlands, 
ata meeting of the London Chemical Society, read 
a paper on “The Law of Octaves”, which paper was 
one of the signposts to the periodic classification of 
the elements. At this meeting of the Chemical 
Society, Prof. G. C. Foster said that any arrange- 
ment of the elements would present occasional coin- 
cidences, and inquired if Mr. Newlands had ever 
examined the elements according to their initial 
letters. 

I have always wondered how long it takes for a 
joke to be reinvented, and now I know: It takes 


just SO vears! , 
J . B. FULLMAN 


Information Officer 
British Nonferrous Metals Research Assoc. 


“Brittle” Fracture of Ductile Metal 


Moscow, U.S.S.R. 
To the Readers of Mevau Progress: 

Technical literature reaching us (sometimes 
greatly delayed) indicates that American testing 
engineers and metallurgists have given much 
attention to the so-called cohesive strength of 
metals. As an instance I would reeall the sym- 
posium held in October of 1943 by the American 
Institute of Mining and Metallurgical Engineers. 
Maxwell Gensamer, one of the commentators, was 
quoted as saying that “this symposium demon- 
strates that cohesion failure cannot be treated in 
a very simple way, although some continue to 
treat it simply, in spite of its complexity”. To the 
latter group I belong, as up to now it seems to me 
that the laws of fracture are simpler than gen- 


erally believed, if the student takes into 
that (at given temperature and loading 
materials have not one but two cohesions 
tensile cohesion and (b) shearing cohesion,* 
As I have developed at length elsewhere. 
moment of rupture depends upon two ratios 
ratio is between the shearing stress s and t 


stress ¢ (+) as determined by the meth 


loading, shape of specimen and other factors 
other ratio is derived from the properties of 
material --the shearing cohesion S, and the 


sile cohesion T,,—— the ratio being — 


Under torsion and tension loads many ductile 
metals fail by shearing. The rupture of ductile 
metals, resulting from shearing in the presence of 
both necking and notch, often consists of many 
microscopic shears at an angle of 45° to the speci- 
men’s axis. Under visual examination, without 
magnification, these shears appear to be a rupture 
as a result of tearing off. Distinguishing between 
these two physically and mechanically different 
types of failure it is possible to explain many 
well-known facts: 

1. When metals are tested in tension the 
presence of a notch increases the load at fracture 
if the metal is “ductile”, whereas the load at fraec- 
ture is decreased if the metal is “brittle”. Ductile 
metals, under this circumstance, rupture by shear- 
ing (the influence of triaxiality); brittle metals 
rupture by tearing-off or tensile separation (the 
influence of stress concentration). 

2. In torsion tests, toolsteels appear to have 
a very high strength—-for example, Kennedy's 
data indicate shearing cohesion S, of 340,000 psi. 

whereas in tension and bending tests, toolsteels 
have very low strengths. The latter tests measure 
the tearing-off strength. This combination of very 
high shear strength and low tearing-off strength 
explains the different directions taken by the 
curves plotted by Luerssen and Green in their 
well-known investigations of impact bending and 
impact torsion. 

3. In some metals there is a_ significant 
difference in the cohesive strength as the velocity 
of load and the temperature of testing are varied, 
In some other metals the change is small under 
parallel tests. This is due to the fact that the 
tensile cohesion is little influenced by the rate and 

*Eprror’s Foornore Dr. Friedman, the corr 
spondent, has written extensively in Russian techn! ul 
literature on the testing of materials, both from 
practical and a theoretical standpoint. His ree 
book (in Russian) on the “Deformation and Frac! 
of Metals Under Static and Dynamic Loadings” 
given a long and favorable review in Metallurgica 
September 1946. 
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temperature of testing, while the shearing cohesion 
is very sensitive to those extraneous factors. 

}. Strain hardening greatly increases the ten- 
sile cohesion, but it has only a moderate influence 
on the shearing cohesion. 

5. After tempering at a higher temperature 
the tensile cohesion of steel generally is raised 
little and the shearing cohesion lowered a little. 
{mong steels of different carbon contents, the 
higher carbon steels usually have higher shearing 
cohesions and smaller tensile cohesions. 

These instances are enough to support my 
contention that many of the difficulties in a sys- 
tematic review of the strength of materials are 
removed, and the problems of deformation and 
fracture are considerably simplified, when the stu- 
dent takes into account the existence of two cohe- 
sions (tensile and shearing) instead of one. 

Jacos B. FritpMAN 
Mechanical Testing Dept. 
Institute for Aviation Materials 


Plasticity in Experiment and Theory 


New York City 
To the Readers of METAL PROGRESS: 

About seven years ago I tried to squeeze into 
my research work a tiny program of investigations 
covering the plasticity of metals. That program was 
cut short on its first day since the party that was 
footing the bills could see in it nothing but “pure 
science”. However, I saved a few samples and pic- 
tures hoping to be able to continue that work later 
on. These hopes did not materialize, and in this 
communication | am merely trying to pass on my 
results for the use of other persons working in this 
lield-—under the assumption that such results 
———} 
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might mean something to them —and to supple- 
ment them with some more-or-less related remarks 
on current attempts to generalize our body of 
experimental metallurgical knowledge. 

Now for the experiment: 

At that time I had in my possession eleven con- 
trol ingots of various copper-base alloys produced 
commercially by one of the largest refiners in the 
middle west. Some had square, others had U-shaped 
cross sections. 

From these ingots I cut and planed down slices 
1, in. thick. These were annealed by heating to 
1300° F., rapidly placed under a forging hammer 
and struck just one heavy blow. The flattened 
surfaces still carried traces of the original contours 
and these were traced on paper together with the 
new contours. These are reproduced and corre- 
spond to the following alloys: 


1. Intermediate manganese bronze (about %4 a, 


p). 


2. High tensile manganese bronze (full f). 

3. Aluminum bronze (10° Al, 1% Fe). 

4. Aluminum bronze (9% Al, 4% Fe). 

5. Aluminum bronze (11% Al, 4% Fe, 1% Mn). 


6. Aluminum bronze (11.2% Al, 3.50 Fe). 

7. Aluminum bronze (10° Al, 4% Fe). 

8. Complex bronze (11% Al, 5¢¢ Fe, 5° Ni). 

9. Tin bronze (18.5¢ Sn, 0.5¢¢ other elements). 

10. Navy T tin bronze. 

11. Navy G tin bronze. 

Here are the points which | think might be of 
interest in the study of plasticity: 

A. Although the temperatures of the slices 
could not be controlled accurately and the face of 
the overworked hammer was anything but mathe- 
matically flat, all slices spread in a most sym- 
metrical manner. 

B. The amount of spread corresponded well to 
the nature of each alloy. 

C. The spread was maximum in directions per- 
pendicular to the flat side-surfaces, Minimum at the 
sharp corners, intermediate perpendicularly to 
curved surfaces, and the sharper the curvature of 
the original boundary the smaller was the spread 

D. The angles of the corners seem to have 
changed very little, if at all. 

E. The tin bronzes, except Navy G, exhibited 
many cracks, very unevenly distributed, but the 
cracking of the edges did not influence the amount 
of the spread in the directions toward such edges 

The above observations are somewhat cursory 
and of course are far too few for reliable conclu- 
sions. Nevertheless they serve to introduce some 
remarks along a line that has occupied a portion of 
my thoughts for some years, directed and modified 
by many other observations and from the study of 
literature. 

Now for the observation about the theory of 
plasticity: 
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In addition to the practical metallurgists who 
are solving plasticity problems by skillful experi- 
ment, there are many others who “solve” them by 
writing oul columns of equations and expressions 
containing nothing but factors irreducible to figures. 
The more abstruse such a column of equations 
becomes the more it is liked in some quarters. Just 
as in an old Russian story, where three vacationing 
students of the theological seminary were singing 
Latin songs under the windows of an old Cossack. 
The latter listened, then began to ery bitterly and 
said to his wife: “Please give the scholars a couple 
of loaves of bread, some cakes and a chunk of ham; 
their songs must be wonderful, even if I do not 
understand one word of them.” 

I would be the last man to object to the mathe- 
matical treatment of the problems of elasticity and 
plasticity. I object, however, to the application of 
Newtonian mechanics, with the consequent exami- 
nation of axial, radial and tangential stresses and 
corresponding instantaneous accelerations. I main- 
tain that what we apply to solid matter is not a 
system of stresses resolvable in three directions, 
bul a system of energies, non-resolvable and dis- 
tributed within that solid matter in correspondence 
with the distribution of its own energies. 

As long, therefore, as the scientific metallurgist 
continues to use the fundamental notions of the 
Newtonian mechanics in his approach to phenom- 
ena taking place in solid matter, he will not be able 
to arrive at a clear understanding of such phe- 
nomena. For the Newtonian mechanics, precise 
when applied to phenomena in ordinary space, 
cease to be even a crude approximation when 
applied to that type of space which is called “solid 


matter”. ape 
ee MIcHaAkEL G. Corson 


Metallurgical and Chemical Consultant 


Variation in Properties With Size 


of 14 S-T Billets 


San Dieco, CAuir. 
To the Readers of Mera. ProGrEss: 

The comments printed in August of L. D. Davis 
of the central metallurgical department of the Alu- 
minum Co. of America, on the earlier article on 
“Brittle Failure of Hogged-Out Fittings From 14S-T 
Billets” by Given Brewer and myself, are very much 
appreciated. 

His statements on the necessity of using 
cially processed” hand forgings when maximum 
properties are desired from 14S-T forgings coin- 
cides with the conclusions we reached after making 
the tests outlined in the article. The engineering 
department of Consolidated Vultee Aircraft Corp. 
has instituted the practice of calling for “unit hand- 


. 


“spe- 


processed forgings” when high physical proj) ties 
are desired. 

In answer to Mr. Davis's question as {(. the 
method of reworking the 11x 16x20%-in. billes, ay 
explanation is given on page 570 of our articlo jp 
the March issue. The original 10x20x72-in. |,ijJe 
received by us was a forging. The 11x 16x20 .-jp 
billet was also a forging, but it was saw-cut on two 
sides, so that it could have been forged in a larger 
unit. At that time procurement of material was 
difficult, and we had little knowledge of the pre- 
vious history of material received. 

As noted in our article, in order to correct the 
conditions found in the original hogged-out fittings, 
several of the 11x16x20'%-in. billets were sent to 
Vernon Works of Aluminum Co. of America and 
were reforged there, an attempt being made to get 
as close to the rough dimensions of the fitting as 
was possible with flat dies. The billets were upset 
to approximately a cube, then drawn out, this pro- 
cedure being repeated three times. After forging, 
the parts were heat treated to the 14S-W condition, 
machined, and finally aged to 14S-T condition 

H. C. THSEN 
Development Engineering 
Consolidated Vultee Aircraft Corp. 


Shot-Peening of Springs 


Los ANGELES, CALIF. 
To the Readers of METAL PRroGress: 

In the Correspondence pages of the October 
issue, Alberto Oreflice presents some interesting 
data on the fatigue life of shot-peened springs, and 
uses these data to support his statement that “rather 
large claims for the process {shot-peening are 
made... [which are} ... too optimistic”. In par- 
ticular his tests show life increase of 380° as against 
claims of life increase up to 1000. 

It seems to me that Mr. Orefflice’s tests in no 
way disprove the older claims. He is jumping to 
the entirely unwarranted conclusion that the lite 
increase at operating stresses will be equal to the 
increase shown in short life, high stress tests. 

It is well known that the static strength of 
otherwise equally made machine parts ts nol 
increased by shot-peening, but that the endurance 
limit of such parts is raised. At the static ultimate 
stress the life increase is zero. At an alternating 
tensional stress above the endurance limit of the 
unpeened piece but below the endurance limil o! 
the peened piece, the life increase can be shown b) 
adjusting the test stress to suit. 

A complete picture of the benefits of shot-pecn- 
ing therefore cannot be given in a single number, 
nor even in an S-N curve. The numbers quoted by 
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men such as F. P. Zimmerli of Barnes-Gibson- 
Ravmond, and Robert Schilling of General Motors, 
are based on tests made at or slightly above the 
peraling stress and are therefore significant. 

li is an axiom of life testing that test failures 
must correspond in type and in approximate num- 
per of eveles to actual service failures. Highly 
accelerated tests such as those quoted by Mr. Oret- 
fice are full of pitfalls; one cannot accurately infer 
the endurance limit from the static strength, nor 
the life ratio at 100,000 cycles from the life ratio at 
224 cyeles. This is true for the effect of scratches 
and stress raisers as well as for the effect of shot- 
peening. 

As to Mr. Oreflice’s service experience (which 
showed small life improvement), it is my guess 
that his springs were not peened correctly; obvi- 
ously this must be done properly to be effective. 

FreD K. LANDECKER 
Manager, Metal Improvement Co. 


Platinum Refining and Melting 


SAN Francisco, CALir. 
To the Readers of Mevar ProGress: 

In the September issue, C. C. Downie brought 
up the question of refining and melting of platinum, 
saving at the same time that an extreme secrecy is 
maintained by most platinum refiners concerning 
the processes employed. In other words, his claims 
may be summarized into the statement that there 
isho practical information available throughout the 
lechnical literature which describes the process of 
refining or melting of platinum and its alloys. 

Well, this depends on what Mr. Downie has in 
mind: If he considers something similar to a cook 
book, then the answer is “No”. If he considers the 
literature on the subject written in technical lan- 
suage and based on such branches of science as 
chemistry and metallurgy, then the answer is 
“Yes”. Moreover, there is a great deal of such 
information printed in many languages, including 
the English. There is no question that purification 
of the six metals of the platinum group is a simple 
procedure, but one possessing a sufli- 
cient knowledge in inorganic chem- 
istry and metallurgy will be in a 
position to find a suitable method in 
lechnical literature which will cover 
in detail his particular requirements, 

Mr. Downie’s statement con- 
cerning the failure to adopt the 
induction furnace for melting plati- 
hum and its alloys is also, from my 
pontof view, far from being correct, 


!'am aware that such furnaces are 


us 





now used for the purpose by platinum metal pro- 
ducers throughout the world. It also may be 
stated that, employing a standard unit consisting 
of 3-lb. capacity induction furnace and 20-kw. 
converter, it is possible to melt very conveniently 
as much as 100 oz. of platinum or platinum-base 
alloys in 15 to 20 min. As for a smaller melt, the 
units consisting of 6 or 3-kw. converter and the 
corresponding size induction furnace may be 
employed. 

Concerning the procedure of extraction and 
separation of platinum from other metals of the 
platinum group outlined in so simple a manner 
it appears to me to be oversimplified indeed, and 
the person who is familiar with commercial proc- 
esses will be much surprised to read such recom- 
mendations. It must be remembered that besides 
precipitation of platinum with NH,CI, steps must be 
taken to prevent co-precipilation of such members 
of the platinum group as iridium. There are also 
steps which must be taken to purify precipitated 
platinum so as to remove iron which may contami- 
nate platinum during the course of refining. In 
addition to this, there is a complicated process of 
purification of rhodium, ruthenium and iridium 
which Mr. Downie omitted mentioning. 

M. B. VILeENSKY 


Research and Consulting Metallurgist 
Owens-Corning Fiberglas Corp. 


Antiquity of Lost-Wax Process 
or 
Who Is Metallurgicus, Where Is He? 


ENILOM, USONIA 
To the Readers of Mevat. Puocnuess: 


The “Correspondence” column of the Septem- 
ber issue features an article on the lost-wax process 
from Mr. Metallurgicus, supposedly from Enilom, 
Usonia. 

The present writer has been a member of the @ 
Chapter at Enilom for many years, and no one in 
these parts has ever heard of Metallurgicus. It is 
feared that The Editor has allowed 
an impostor to worm his way into 
his confidence. We people of Enilom 
are proud of our town and are leav- 
ing no mossy stone unturned to find 
this worm. If successful, we will 
expose him to all readers. Our chief 
worry is that the impostor may have 
feared our wrath and left this place 
hurriedly for points East. 

F.C. Trewt 


Enilom, Usonia 
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The Nitriding 


of Steel 


S URFACE HARDENING of steel by nitriding is a 
comparatively new process, dating back only to 
1927 when patents were first issued to Fry in Ger- 
many. For several years the tonnage of steel 
treated was small, but recently it has increased very 
rapidly, going from 6000 tons in 1939 to 30,000 in 
1941, nearly 100,000 tons in 1943, and doubtless 
even more in 1944. (These tonnages given are for 
the aluminum-containing steels only, and do not 
include S.A.E. steels, stainless, high speed, or chro- 
mium die steels, some of which are nitrided in con- 
siderable quantities. ) 

The reason for the increased use of the process 
is not difficult to find since parts so treated have a 
combination of properties that is particularly desir- 
able for many engineering applications. The prin- 
cipal advantages are (a) a remarkably high surface 
hardness is obtained without subsequent heat treat- 
ment, (b) this hardness is maintained after heating 
to as high as 1100° F., (c) the wear resistance of 
the nitrided surface is exceptionally high, (d) the 
tendency to seize or gall is low, (e) a minimum 
of warpage or distortion occurs during hardening, 
and (f) the fatigue resistance of the steel, particu- 
larly the notch sensitivity, is improved. 

Briefly, the nitriding process consists of heat- 
ing steels of special composition in contact with a 
nitrogen-containing medium at temperatures from 
925 to 1050° F. for periods ranging from a few 
minutes to 100 hr., depending upon the steel being 
treated and the depth of case desired. For success- 
ful results the steel must contain elements in solid 
solution that are capable of forming nitrides, such 
as aluminum, chromium, molybdenum, vanadium, 
tungsten, manganese or titanium. Nitrogen from 
the nitriding reagent, diffusing into the steel, forms 


By Carl F. Floe 
Assoc. Prof. of Physical Metal. :irgy 
Massachusetts Institute of Tech»:logy 
and Assoc. Technical Direct, — 
The Nitralloy Corp., New Yor: City 


nitrides with these special ele- 
ments which, at the heat treat- 
ment temperature, are precipitated 
along the crystal planes of the 
iron. It is this precipitation of 
alloy nitrides which produces the 
hardened case. 

A typical installation, dia- 
grammed in Fig. 1, consists of a 
source of ammonia, a furnace, a 
sealed work container, provision 
for the circulation of the gas 
within the container, and equip- 
ment to control both temperature 
and gas flow. 


Nitriding Media 
Ammonia — The most common source of nitro- 
gen for nitriding is ammonia. When it is heated to 
about 975° F., decomposition takes place at the steel 
surface in accordance with the following reactions: 
Ammonia = atomic nitrogen atomic hydrogen 
NH, = N + 3H (1) 
Atomic nitrogen = molecular nitrogen 
2N N,, (3) 
Atomic hydrogen = molecular hydrogen 
2H = H,, (3) 
Both the atomic nitrogen and atomic hydrogen 
of reaction (1) are unstable and pass rapidly to 
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ihe molecular form as illustrated by (2) and (3). 
it may, of course, be argued that neither the nitro- 
gen nor the hydrogen ever exists as independent 
atoms even in the adsorbed layer at the gas-solid 
interface, but such an argument is of little interest 
as far as this account is concerned. The main point 
is that in the molecular state the nitrogen is com- 
pletely inert and contributes nothing to nitriding. 
However, between the time that it leaves the 
ammonia and its passage into the inert molecular 
form, a part of it is absorbed by the steel. It may 
thus be seen that for successful nitriding it is nec- 
essary to insure an adequate supply of atomic nitro- 
gen at all times, which can only be accomplished by 
continuously bringing fresh ammonia into contact 
with the steel surfaces. If this is not done, the 
available ammonia will soon be transformed to 
inert molecular nitrogen and hydrogen and action 
on the steel will cease. Therefore it becomes very 
important to circulate ammonia so as to supply 
fresh gas continuously to all areas to be hardened. 

To insure an adequate supply of atomic nitro- 
gen at the steel surfaces, ammonia is usually 
allowed to flow through the container at such a rate 
as to maintain a concentration of 70° ammonia 
and 80° nitrogen plus hydrogen in the exhaust gas. 
This is commonly spoken of as “maintaining the 
ammonia dissociation at 30°". However, due to 
the increase in total gas volume during the decom- 
position, only 17.7% of the ammonia entering the 
retort is dissociated under these conditions. The 
balance circulates through the retort and is wasted. 
Of the 17.7% which is dissociated only a small frac- 
tion provides nitrogen which is absorbed by the 
steel. Later the effect of operating at a higher dis- 
sociation and thus utilizing more of the ammonia 
will be shown. 

One of the principal costs of the process is the 
cost of ammonia. The amount of this gas neces- 
sary per‘pound of work is primarily dependent 
upon the surface area, the dissociation used, the 
amount dissociated by the container walls and 
work fixtures, and the time at temperature. Exces- 
sive consumptien can usually be attributed to 
operating at low dissociations or to excessive disso- 
ciation by the container walls and fixtures. In prac- 
lice the consumption varies considerably but is 
usually from 20 to 30 cu.ft. per 100 sq.ft. of steel 
surface per hr. when operating at 80 dissociation. 

Salt Baths* -- The use of baths for nitriding 
has increased in recent years. In a general way it 
may be said that salt bath nitriding has the same 
relation to ammonia nitriding that cyaniding has to 
gas carburizing. If shallow cases are to be pro- 
duced with short time cycles, or if the parts are 


*See the article by R. S. Komarnitsky in the 
October issue, page 665. 


small and the production low, salt baths have par- 
ticular advantages. 

The salts used are cyanides mixed in such pro- 
portions as to melt below the nitriding tempera- 
tures. A common composition is 60% sodium 
cyanide and 40% potassium cyanide. Under oper- 
ating conditions these baths become partially oxi- 
dized, so they contain, in addition to cyanides, 
cyanates and carbonates of sodium and potassium. 
Typical reactions in nitriding are believed to be 

2NaCN + 0, = 2NaCNO (4) 
2NaCNO + 0, =Na,CO,+CO+2N (5) 

Again, as in ammonia nitriding, the active 
nitrogen formed by reaction (5) is partially 
absorbed by the steel and partially reacts to form 
molecular nitrogen which is inert. Fortunately the 
sodium carbonate formed at the same time can be 
readily frozen out of the bath after a concentration 
of about 15° has been reached. To maintain a 
sufficient concentration of active nitriding reagents 
in the liquid, therefore, it is only necessary to add 
cyanide salts from time to time. 

Some metallurgists advocate the use of salt 
baths through which ammonia is bubbled. Such a 
method produces reducing conditions within the 
bath, so the mechanism is different from that given 
above, but possibly ammonia dissolved in the 
cyanide is again the active nitriding agent. 

Claims have been made that much deeper cases 
are obtained in a given time with salt baths than 
with gaseous ammonia, As will be shown later, 
case depth is determined by the rates of diffusion of 
nitrogen from the white layer on the steel surface 
to the steel beneath. Conceivably this rate could 
be higher with the use of salt baths because of the 
decreased concentration of hydrogen. ‘There has 
been some indication that the presence of hydrogen 
in ammonia nitriding decreases the diffusion rate 
of nitrogen and thus reduces case depth. The mag- 
nitude of this effect, however, is not great enough 
to account for the claim that very greatly increased 
depths of case are produced with salt baths. 


Structure of Nitride Cases 


As outlined above, the atomic nitrogen, which 
is absorbed at the surface of the steel, diffuses 
inward, reacts with the nitride-forming elements 
present in solid solution in the steel, and precipi- 
tates, thus forming the hard case. 

The depth of nitride case depends upon how 
far beneath the steel surface the nitrogen has been 
able to diffuse during the nitriding period. The 
principle involved is that as the alloying elements 
are removed from solid solution by precipitation 
as nitrides, the nitrogen (which is constantly being 
supplied from the surface) diffuses further into the 
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Fig. 2 


alloy and thus produces an increasingly deeper 
case. The depth of case produced in a given time 
will therefore depend upon the amounts of alloying 
elements that must be precipitated out of a given 
region before the nitrogen can diffuse further. 

A nitride case consists of two separate zones. 
The outer zone represents a region in which the 
nitride-forming metals, including iron, have been 
converted to nitrides. This region, which varies in 
thickness up to a maximum of about 0.002 in., is 
commonly known as the “white layer” because of 
its color after a nital etch. The useful part of the 
nitride case is beneath this white layer and repre- 
sents the region in which the alloy 
nitrides have been precipitated. A 
typical microstructure is illustrated 
in Fig, 2. 
white layer but also the darkened 


This shows not only the 


area of useful nitride case, which 
represents the area into which 
nitrogen has diffused and _ precipi- 
tated the alloy nitrides, and (in the 
lower magnification) the unhard- 
ened core metal underneath. 

It may be seen that the depth 
of useful nitride case is determined 
by the rate of diffusion of nitrogen 
out of the white layer to the region 
beneath. The nitriding medium, 
therefore, need only contain suffi- 
cient active nitrogen to maintain 
this white layer. Any increase in 
active nitrogen beyond this point 
will only serve to increase the depth 
of white layer and will not affect 
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Vicrostructure of a Typical Nitride Case Showing the Surface 
White Laver and the Darkened Area of Useful Nitride Case: Nital Etch 


Fig. 3 
in a Nitride Case. 


the depth of useful nitride cas 
The concentration of sactiy, 
nitrogen on the surface of th 
steel, which determines the depth 
of white layer, is a function of 
the degree of dissociation of the 
ammonia. As previously men 
tioned, in normal nitriding this 
dissociation is held at 30° py 
adjusting the rate of flow. Th: 
effect of nitriding at higher dis- 
sociations, which gives a_ lowe: 
surface concentration of activ 
nitrogen, is shown in Fig. 3. With 
increasing dissociation of ammo- 
nia, the depth of white lave: 
decreases and becomes practi- 
cally zero at 85°. dissociation 
For some applications wher 
it is impractical to grind or lap 
the parts after nitriding, it is 
desirable to decrease the depth of 
white layer as much as possible. This can be mos! 
readily accomplished by first nitriding at 30% dis 
sociation for 5 hr. in order to establish the while 
layer, followed by allowing the dissociation t 
increase to 85°. With such treatment good cas 
depth will be obtained with a minimum of whit 
laver. The latter will be so shallow that there is 
little danger of chipping or pitting, and the surtac 
should have a low coefficient of friction and low 
tendency for metal pickup. A_ typical structur 
produced by this method is shown in Fig. 4. I 
should be emphasized that if nitriding is carried 
out at high dissociations, there must be adequat 


Effect of Ammonia Dissociation on Depth of White Lav 
Samples nitrided for 36 hr. at 975° F. 500) 
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circulation within the retort 
during both periods. If not, 
the dissociation in some pock- 





ets may inerease to the point 
where little or no nitriding will 
take place. Sufficient ammonia 
must be provided to all sur- 
faces to maintain some white 
laver. 

' Variables — From a prac- 
tical standpoint, all users of 
the nitriding process are inter- 
ested in the variables which 
determine case depth and case 
hardness. The principal fac- 
tors affecting the depth are: 

1. The nature of the 
nitriding medium. 

2. Time and temperature 
of nitriding. 

3. Amount and nature of 
nitride-forming elements in 
solid solution in the steel that is, aluminum, chro- 
mium, molybdenum, tungsten, titanium, 

4. Amount and nature of inert element that 
is, nickel, silicon and carbon. 


The role of the first two factors is obvious from 
Likewise for the third 
factor; the amount and nature of the nitride- 
forming elements in the steel affect the depth of 


the preceding discussion. 


case in that the penetration of nitrogen depends 
on the amount that has to be precipitated. The 
lower the alloy content the deeper the case that 
This factor will 
he discussed further in connection with the types 


can be produced in a given time. 


of steels that can be nitrided commercially. 

Nickel and silicon in the steel (factor 4) affect 
case depth only insofar as they decrease the diffu- 
sion rate of nitrogen. Carbon in solid solution has 
the same effect; however, its most important influ- 
ence is to combine with some of the other alloying 
elements to form carbides, thus removing them 
from solid solution and from the nitriding reaction. 
For example, chromium in ordinary steels will be 
distributed between the carbide and ferrite phases, 
and only that amount that is in the ferrite phase is 
available for nitriding. 

The most important factors that influence the 
hardness of nitride cases are: 

l. The depth of case. 

2. The temperature of nitriding. 

3. The amount and nature of nitride-forming 


elements in solid solution in the steel. 
4. The structure of the steel before nitriding. 


The apparent hardness varies with depth of 
case only insofar as the case is unable to support 
the hardness indenter. A shallow case is actually 
just as hard as a deeper one, but softer readings are 
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he age Fig. 4— Structure of Nitride Case 


Produced by Nitriding for 5 Hr. 
at 30% Dissociation, Followed 
by 43 Hr. at 85% Dissociation 


obtained due to the inability 
of the ordinary testing equip- 
ment to measure the hardness 
of such thin sections. For this 
reason a hardness tester 
employing different loads may 
actually be used to measure 
case depth. 

The hardness of cases 
decreases with increasing tem- 
Maxi- 


mum hardness consistent with 


perature of nitriding. 


good case depth is obtained by 


operating at 925° F. Much 
softer cases—- but consider- 


ably deeper for a given nitrid- 


be obtained by nitriding at 


ing cvele 
1050" F. 
975° F. is 


and satisfactory depth, 


may 
The commonly used temperature of 
a compromise between good hardness 
However, for parts requir- 
ing extreme hardness with some sacrifice in case 
a compromise temperature of 940° F. is 
Thread 


industry are an example. 


depth, 
recommended, guides for the textile 
Case hardness is largely dependent upon the 
size and amount of precipitated nitride particles. It 
will therefore vary not only with the temperature 
but also with the composition of the steel being 
treated. The magnitude of this effect is shown in 
Fig. 5, which gives the approximate case hardness 
obtained in steels containing various amounts of 
alloying elements. It should be noted that alumi- 
num is the most effective and chromium second. 
It should further be noted that little hardness is 
gained by increasing the amount of alloying ele- 
ment beyond a few per cent. 
The hardest and toughest nitride cases are 
obtained only if the steel is in a sorbitic condition 
the carbide phase uniformly and finely distrib- 
uted through the ferrite. 
are present or if the surface is decarburized, the 


If masses of free ferrite 


case is invariably brittle and tends to chip under 
the hardness indenter, and the observed hardness 
values are lowered. 


Nitriding Furnaces 


The two most important considerations in the 
selection of a furnace are its ability to maintain a 
uniform temperature within the nitriding container 
and provision for adequate circulation of the 


ammonia. Temperature variations should not be 

















more than +10° F. for satisfactory results. Proper 
gas circulation over all steel surfaces to be nitrided 
is essential in order to prevent ammonia from 
decomposing in “dead” zones in the container to 
the extent that nitriding is stopped in those regions. 
The ordinary way of providing such circulation is 
by an internal fan. One of the commonest reasons 
for trouble is improper equipment, and the impor- 
tance of using furnaces designed for nitriding can- 
not be overemphasized. 

Another problem in the construction of nitrid- 
ing furnaces is the selection of proper materials 
for the container and fixtures. If such parts are 
made from alloys that will nitride, their surfaces 
will also dissociate ammonia and thus increase the 
cost of the process. Instances have been known 
where most of the ammonia was dissociated by the 
container and fixtures with the result that the work 
was not nitrided properly. 

The best retort would be high temperature 
glass, but this is ordinarily impractical because of 
danger of breakage. Brick retorts are used and are 
satisfactory if the brick does not contain any iron 
and is not too porous. 

The most satisfactory metallic material for 
containers is Inconel. After a considerable period 
of operation, however, this alloy may also begin to 
dissociate ammonia rapidly. To restore it to its 
original inert condition it is necessary to heat it to 
1650° F. for several hours, and sand blast all sur- 
faces. This should preferably be followed by 
reheating to 1650° F. in an oxidizing atmosphere. 
35-15 stainless has also been used successfully but 
suffers from the same difficulties as Inconel. 

Enameling of the metal surfaces is advisable, 


Fig. 5 — Surface Hardness of Nitride Cases as a Func- 
tion of Alloy Content, as Measured With a Monotron 
(Brinell Scale) According to French and Homerberg 
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as it produces a permanently inert container. 
although one subject to damage by chipping. 

Completely deoxidized copper retort fixtures 
are satisfactory but lack strength at the operating 
temperature. Ordinary tough pitch copper carnot 
be used because it becomes brittle after the copper 
oxide it contains is reduced by the hydrogen from 
the ammonia. Iron or steel is not satisfactory for 
fixtures because a surface which rapidly dissociates 
ammonia is soon formed. 


Growth in Nitriding 


An increase in volume occurs in the case as a 
result of nitride precipitation. To accommodate 
this it is necessary for the rest of the part to stretch, 
and this results in dimensional growth. The case 
pulls against and stretches the core and therefore 
after nitriding and cooling there will be compres- 
sive stresses in the case balanced by tensile stresses 
in the core. The magnitude of these stresses has 
been the subject of some experimentation but they 
have never been accurately determined. 

It follows, from the mechanism explained above, 
that the magnitude of the growth will vary with the 
section size, the depth of case and the shape of the 
piece. Fortunately, for a given part and fixed nitrid- 
ing cycle the amount of growth is nearly constant. 
Thus it is only necessary to determine it experi- 
mentally and then to make proper allowances in 
the finish machining dimensions prior to nitriding. 

The phenomenon of growth in one way is for- 
tunate in that it results in improved fatigue resist- 
ance and decreased notch sensitivity. The com- 
pressive stresses in nitrided surfaces counteract 
part of the localized surface tensile stresses which 
commonly originate fatigue cracks. In other words, 
before a fatigue crack can start in a nitrided sur- 
face the localized tensile stresses must exceed the 
compressive stresses by an amount sufficient to 
originate a crack. The improved fatigue resistance 
and decreased notch sensitivity of nitrided Nitralloy 
parts is indicated by the endurance limits: 

Not nitrided, without notch 45,000 psi. 
Nitrided, without notch 90,000 psi. 
Not nitrided, with half-circle notch 25,000 psi. 
Nitrided, with half-circle notch 87,000 psi. 
Not nitrided, with V-notch 24,000 psi. 
Nitrided, with V-notch 80,000 psi. 

In nearly all instances fatigue cracks will not 
start at the surface but rather at the junction 
between case and core. The reason for this is ev!- 
dent, since it is the region of maximum tensile 
stress under bending load. 

If extremely close dimensional stability 's 
required in nitrided parts, certain precautions 
should be observed: After nitriding and coolins 
down to room temperature there is a balan 
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en the compressive stresses of the case and 
tensile stresses of the core. If this balance is upset 
pv -rinding off a part of the case, slow dimensional 
changes may occur in service as the stresses tend 
to reach equilibrium. To prevent this, parts should 
be reheated to the nitriding temperature after 
grinding. Such treatment, however, is unnecessary 
unless very close dimensional stability is required. 
It is undoubtedly true that in some instances such 
dimensional changes have been erroneously attrib- 


bet 


uted to wear.) 


Protection Against Nitriding 


It is frequently desirable to protect certain 
areas of a given part against nitriding. This is 
commonly done by electroplating with tin. Parts 
are usually plated all over and the tin then ground 
from the areas to be hardened. The plate thickness 
should be between 0.0003 and 0.0005 in. Tin melts 
considerably below the nitriding temperature and 
is therefore held by surface tension only; if it 
exceeds 0.0005 in. thick, there is danger of “run- 
ning” or dripping onto unwanted areas. 

In grinding tin from areas to be nitrided, it is 
very important to keep the wheels clean in order to 
prevent tin smear on the finish ground surfaces. 
Such smears will effectively prevent nitriding. For 
detection of tin smears prior to nitriding, parts are 
frequently given an oxidation treatment such as 
bonderizing; any tin remaining on the surfaces will 
remain bright and can be readily detected. The 
oxidized surface is excellent for nitriding. Tin may 
also be applied in the form of a paint consisting of 
tin powder or tin oxide powder in a suitable vehicle. 


Fig. 6 — Depth-Hardness Curves for “ Ni- 
tralloy 135 Modified” After Nitriding at 
975° F. for the Periods Shown. Samples 
tempered at 1250° F. prior to nitriding 


Bronze plating may be used as a protection 
against nitriding. While the plating procedure is 
more difficult, the results are excellent and there is 
no danger of the plate “running” during nitriding. 
The tin content of the bronze may be as low as 2% 
but more commonly it is around 10%. 

Recently copper plating has been proposed as 
a stop-off against nitriding.* When properly used 
successful results have been reported. However, 
some nitriders claim that it is difficult to obtain 
complete protection under all conditions. If com- 
plete protection is not obtained, the principal 
difficulty is the dulling of tools in subsequent 
machining operations on the soft areas. 


Steels for Nitriding 


As previously stated, any steel which contains 
nitride-forming elements such as aluminum, chro- 
mium, molybdenum or tungsten may be nitrided. 
The hardness of the case, however, is a function of 
the amount and nature of the nitride-forming ele- 
ments present, while the depth of the case decreases 
with increasing alloy content. 

The hardest nitride cases consistent with good 
depth are obtained with steels which contain alu- 
minum, chromium and molybdenum. These are 
sold under the trade name of Nitralloy and are the 
most popular nitriding compositions. They are the 
only steels marketed in this country whose compo- 
sition has been specifically designed to give the 


*See a discussion of this matter, including plating 
methods, thickness, and effect of prior surface finish, 
by W. V. Sternberger and E. R. Fahy in Metal Progress 
for February 1945 (page 278), December 1945 (page 
1311) and October 1946 (page 673). 


big. 7 — Effect of Prior Tempering Tempera- 
ture (or Core Hardness) on the Depth-Hard- 
ness Characteristics of “ Nitralloy 135 Modi- 
fied”. Samples nitrided for 48 hr. at 975° F. 
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Table I— Typical Compositions of Steels Surface Hardened by Nitriding 





ELEMENT 135 Mopr- 
FIED 


Carbon 0.41 
Manganese nS 0.55 
Silicon ‘ 0.30 
Chromium 2 1.60 
Aluminum i 1.00 
Molybdenum 0.35 
Tungsten 

Vanadium 

Nickel 





NITRALLOY 


GRA- 


S. 


4140 


0.23 ao 
0.55 0 
0.30 30 
5.35 20 
1.00 .3o 


0.25 25 


3.5 


0.40 
0.90 
0.30 
0.95 


0.20 


A.E. 


STAIN- HIGH 
LESS SPEED 
X4340 18-8 18-4-1 


Hicu Carson, 5< 
Hicu CHROMIUM | CHROM 


0.40 0.10 0.70 0 1.00 
0.70 1.0 
0.30 0.5 
0.80 18.0 .b0 5.00 


0.25 .80 1.15 
18.00 
1.00 20 








optimum nitriding properties, combined with good 


core properties. Some of the 


S.A.E. steels, 


par- 


ticularly those containing chromium and molyb- 


denum or vanadium, are also 


improved wear resistance and 


nitrided bott 
improved fa 


1 for 
tigue 


properties. However, none of these steels gives as 


hard a surface as those which contain aluminum. 


Typical depth-hardness 
curves for “Nitralloy 185 
Modified”, nitrided for the 
periods stated, are shown in 
Fig. 6, whereas Fig. 7 gives 
the effect of core hardness 
on the depth-hardness char- 
acteristics. 

Several of the grades 
of aluminum-containing 
Nitralloy steels are manu- 
factured to satisfy various 


engineering specifications, as shown in Table I. 


Table Il — Core Properties of “Nitralloy 
N” Before and After Nitriding 


In the nitriding of “Nitralloy”’, S.A.E. and N.E 
steels the core properties are first developed by 
quenching from the austenitic range followed by 
tempering to the desired strength and hardness 
During the nitriding heat the core properties are not 
alfected except for “Nitralloy N”, as mentioned 
above. This preliminary heat treatment may bé 
carried out on the bar stock 
or it may be done following 
rough machining; the two 


procedures are diagrammed 





Yield point, } 


Reduction of 





Si. 


Tensile strength, psi. 
Elongation in 2 in., 


arada ¢ 
area, °« 


Brinell hardness 


Beron AFTER in Fig. 8. The heat treated 
; bar stock is often purchased 
114,600 180,000 

132.400 190,250 : 
99 15 Typical core properties 


a9. 13.4 of “Nitralloy 1385 Modified” 
277 Ho after tempering at several! 


directly from the mill. 








Of 


this group, “135” and “135 Modified” are most com- 
monly used. The latter, due to its greater alloy 
content, produces a higher case hardness and some- 


what better core properties. It is commonly speci- 


fied for aircraft applications. 


“Nitralloy N”, containing nickel, is used if par- 
ticularly high core properties are required. 


For 


development of the optimum core properties the 
practice is to quench from 1650° F. and temper at 


1200, which produces a hard- 
ness of about 275 Brinell 
soft enough for good machin- 
ability. During subsequent 
nitriding a case is produced in 
the customary way, but  pre- 
cipitation hardening also takes 
place in the core, forming a 
nickel-aluminum compound, 
This results in a great increase 
in the core strength and hard- 
ness as shown in Table IL. 


Table 


temperatures are shown in 
Table HI. 

Graphitic Nitralloy A new development is a 
nitriding steel which contains free graphite. A 
typical composition is shown in Table I. This 
material may be either forged or cast in permanent 
molds. By a preliminary heat treatment (quench- 
ing from 1650° F. and tempering at 1375 for 5 hr 
approximately two-thirds of the total carbon ts 
converted to free graphite. Thus the structure con- 
sists of about 0.8% graphitic carbon uniformly dis- 
tributed through a matrix of carbide and ferrite, 


Ill — Typical Core Properties of Heat Treated 


“Nitralloy 135 Modified” 





TEMPER- 
ING 
TEMP. 


1000° F. 
1100 
1200 
1300 





YIELD 
POINT 


181,500 
165,000 
141,000 
125,000 


ELonGa-| Repwuc- HARDNESS 
TION IN TION 
21n. |or AREA ROCKWELL) BRINELL 


ULTIMATE | YIELD 
STRENGTH RATIO 


206.000 0.89 13.2 $5.8 C-44.6 410 
181,000 0.91 15.5 54.3 41.0 368 
158,750 0.89 17.5 55.8 36.0 320 
145,000 0.86 20.5 64.5 32.0 1 280 
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as shown in Fig. 9 When such a structure is 
nitrided a typical case is produced except that the 
metallic structure contains pores, filled with loose 
graphite. It is believed that a material of this type 
will find many engineering applications, particu- 
larly where lubricated wear resistance is of primary 
importance. The soft graphitic phase seems to 
have lubricating properties of its own, or provides 
oil reservoirs for maintaining the lubricating film: 
the hard nitride surface provides maximum wear 


resistance. 





Temper for Core Properties 
Quench From 1725 °F 

















} Finish Machine or Grind 
Rough Maclune 
Annieal Nitride 
+Hot Rolled Bar Stock] | 
Grind or lap 


Quench From 1725 °F 
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Fig. 8-- Outline of Processing Procedure for Nitriding 


Steels Other Than Stainless or High Speed Steels 


Stainless Steel-— Lately, considerable interest 
has been shown in the nitriding of stainless steels 
lor applications requiring a combination of wear 
Hard chro- 
mium plate has ordinarily been used for this pur- 
pose, but plating is expensive, difficult to apply 


resistance and corrosion resistance. 


uniformly on irregular parts and often may have a 
tendency to peel off in service. 

Stainless steels always contain chromium and 
sometimes molybdenum and tungsten and conse- 
quently they can be surface hardened by nitriding. 
However, several difficulties are commonly encoun- 
tered. First, the alloy content is so high that 
Second, the 
surface of all stainless steel is covered by a thin, 


shallow case depths are obtained. 


adherent film of chromium-iron oxide which must 
be removed before any nitriding will take place. 
Third, the corrosion resistance of the surface is 
altered by the transformation of all of the chro- 
tium normally held in solid solution to the form 
of precipitated chromium nitrides. This is to be 
e\pected, since the corrosion resistance of stain- 
less steel is due to the presence of chromium in 


Solid solution in the iron. <A steel in which the 


chromium has been precipitated as nitride does 
not offer the same resistance to attack. Salt spray 
tests show less resistance to corrosion after nilrid- 
ing, and users of such materials should take this 
resistance of 
better 


into consideration. The corrosion 


nitrided stainless is, however, somewhat 
than that of other nitrided steels. 
Several methods have been proposed _ for 


removing the layer of chromium oxide on stainless 
stecl. These include heating at 800 to 1200° F. in 
dissociated ammonia, prior to nitriding; under 

these conditions the oxide is reduced by hydro- 
In some instances light sand blasting is 
before the treatment with 


Chemical destruction of 


gen. 
used dissociated 
ammonia. the oxide 
film before nitriding is also practiced, usually 
by immersion in a 50% solution of hydro- 
chloric acid in water at 100° F. for 5 to lo min. 
(Parts treated by this method should be 
washed and immediately dipped in aleohol to 
prevent reoxidation; they should then be trans- 
ferred to the nitriding container without dry- 
ing and brought into contact with the nitriding 
gas without to air.) Electrolytic 
cleaning prior to nitriding, for the purpose ol 


exposure 


destroying the oxide film, is also used. 

Nitriding of 18-8 stainless is commonly 
carried out at temperatures of 1000 to 1000° F. 
Case depths of from 0.005 to 0.010) in. are 
obtained in 50 hr. on the 18-8 type; for the 
higher alloys the case is shallower. 

The straight chromium grades of slaintess 
steel may also be hardened. The depth of case 
produced for a given nitriding eyele is inversely 
proportional to the chromium content, 

High Speed Steel -— Considerable publicity has 
been given to the nitriding of high speed steel for 
tools, dies and gages. Unquestionably it increases 
the life of many types of tools, both because of the 
increased hardness and wear resistance, and 
because the more nonmetatlic character of the sur- 
face reduces friction against metal and the tendency 
Nitriding of 


cutting tools is, of course, ordinarily only of value 


for metal pickup and Luilt-up edges 


until such tools are resharpened, unless resharpen- 
ing is done on one face only. Care must be exer- 
cised not to chip the nitride case at the cutting edge 
while grinding. In some instances nitriding after 
each grinding operation may be necessary. 

In the nitriding of high speed steel two of the 
same problems are encountered as in the treatment 
film has to be 
destroyed. The 
situation is much more favorable than for stainless, 


of stainless. First, an oxide 


Second, the alloy content is high. 


however, in that the oxide film is more readily 
removed by hydrogen from the ammonia and no 
Furthermore, 


special pretreatment is necessary. 
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while the alloy content is high, much of it is locked 
up in the carbide phase, and since only the alloy- 
ing elements that are in solid solution enter into the 
reaction, the amount available to fix the nitrogen is 
much less than the analysis indicates. Consequently 
the depth of case produced in a given time is greater 
than would otherwise be expected. 

Ordinarily, high speed steel tools are nitrided 
in salt baths rather than in ammonia atmospheres.* 
The nitriding time is usually short, from 5 min. to 
5 hr. at 1050° F., which results in case depths vary- 
ing from 0.0002 to 0.0030 in. More commonly 
periods of from 10 to 30 min. are used, the latter 
producing about 0.0010 in. case depth. 

Control of time at temperature is easier in a 
salt bath. Furthermore the case is less brittle than 
when formed in an ammonia atmosphere. The 
reason for this is that the concentration of active 
nitrogen is less in a salt 
bath and consequently bs 
there is less tendency to Fig. 9 
form a brittle white layer. 
(As previously discussed, 
cases with a very shallow 
white layer could be suc- 
cessfully in 
ammonia at high disso- 
ciations.) Even salt 
baths form a thin white 
layer. If it is impractical 
to lap or grind, the brittle 
layer may be reduced by 
reheating to the nitriding 
temperature in a neutral 
atmosphere such as nitro- 
gen, or in a neutral salt. 
Such treatment 
the white layer by diffu- 
sion and thus reduces 
brittleness and 


produced 


removes 


increases 
toughness. 

All types of high 
speed steel may be sur- 
face hardened by nitrid- 
ing. Before treatment it 
temper and finish grind in the customary way. 

Many of the die steels which contain chromium 
and molybdenum (such as high carbon, high chro- 
mium, and 5% chromium steels) are also surface 
hardened by nitriding. Increased wear resistance 
is obtained and also decreased tendency for metal 
pickup. The latter is particularly important in 
drawing dies. 


is necessary to harden, 


*See the article by W. E. Bancroft in last month’s 
Metal Progress (page 945). 

+The Nitralloy Corp. of New York City has issued 
an 86-page booklet “Wear of Metals” which discusses 
the mechanism of wear and the influencing factors. 


Showing Distribution of Free Graphite in Both Case and Core. 


Case 


Applications of Nitriding 


The outstanding applications of the nitriding 
process are for parts requiring high wear resist. 
ance. This property is due not only to the high 
hardness but also to the ability to retain this hard. 
ness at temperatures which would soften conyep- 
tionally hardened steels. The resistance to Seizing 
or galling is therefore very much greater, and this 
accounts for the success of nitrided parts for appli- 
cations where nonlubricated or poorly lubricated 
conditions exist. Examples of nitrided parts where 
wear is the primary consideration are very numer- 
ous. Some typical ones include cylinder barrels 
and liners, bushings, piston pins, rotors, shafts, 
shackle bolts, thread guides and spindles.+ 

Examples of applications in which both wear 
resistance and freedom from distortion in harden- 


Typical Microstructure of Nitrided “Graphitic Nitralloy”. 


500 


Core 


ing are of primary importance include cams and 
camshafts, gears, gages, rubber and paper mill rolls, 
boring bars and crankshafts. It is obvious that 
in many of these applications the improved taligu 
properties conferred by nitriding are also an 
important consideration. 

Nitriding should therefore be considered for 
any parts in which the above properties are impor- 
tant. While the cost of nitriding steels is above 
that of the plain carbon steels, the difference 1s 
often more than offset by simplification in manu- 
facturing procedure. If wear is a problem, nilrid- 
ing can be the answer, particularly if maximum 


$ 


service life is the primary consideration. 
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During the past 5 years The Monarch Machine Tool 
Company has built more than 35,000 lathes. 

So, they know a lot about lathes... and lathe 
beds. too. 

They know how to build beds that resist abrasion, 
scoring, wear...and maintain high accuracy to 
keep users’ production costs low. 

That's why Monarch specifies Nickel alloyed iron 
for all beds. 

Experience shows good reason for this. For ex- 
ample, when their Nickel iron lathe beds, 8'2 feet 
long, are flame-hardened to a depth of '8” to 4", 
the warpage is only about 0.01”. During finishing, 
this is ground off and final tolerance is only 0.0005”. 

The Nickel in the cast iron lowers the critical 
transformation range... thus, gives greater depth 
of hardness than in plain iron and minimizes distor- 
tion. Moreover, there is gradual blending of the 
flame-hardened layer into the softer pearlitic interi- 
or, Whereas in unalloyed iron the transition zone is 
apt to be completely graphitized and hence extreme- 
ly weak. 

Consult us on the use of Nickel to meet your cast- 
g requirements. Send us details of your problems 
lay. 






In this SPEED-MATIC 
hand screw machine, 


Monarch uses gears 





shalts and pinions of 
Type 8749 Nickel al- 
loy steel alone with 
flame-hardened Nickel 
cast iron beds. 





>. 














EMBLEM OF SERVICE 





jickel 


Over the years, International Nickel has accumulated 
a fund of useful information on the selection, fabrica 





tion, treatment and performance of alloys containing 
Nickel. This information and data are yours for the 
asking. Write for “List A” of available publications 











THE INTERNATIONAL NICKEL COMPANY, INC. few'vore's. x. 
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Hardenability of N.E. 3600 H Steels 


By A. L. Boegehold Vean carbon content shown on each curve 
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By W. T. Pell-Walpole 
Chief Metallurgist, Tin Research Institute 


Research Fellow, Birmingham University 
Birmingham, England 


Improvements in si i esi 


the Manufacture 


of Tin Bronzes 


A SERIES of researches on improving the qual- 
ity of the group of alloys known by the general 
term of bronzes (copper-base alloys with tin as 
the chief alloying element) has been carried out 
during the war period in the University of Bir- 
mingham in England by the author and his col- 
leagues of the Tin Research Institute. 

The original object was to obtain bronzes in 
the wrought condition which would combine the 
established corrosion resisting properties of high- 
tin bronze with better mechanical properties than 
could be obtained either in these alloys in their 
normal cast condition or in lower-tin bronzes in 
the wrought condition. A_ serious discrepancy 
existed between theory and practice as regards the 
working ranges; according to theory, copper can 
hold up to 15% of tin in solid solution before any 
phase change occurs from the face-centered cubic 
by analogy with other 
copper-rich solid solutions —— be sufficiently mal- 
leable and ductile to be readily fabricated by 
hormal industrial processes. In practice, however, 
there was considerable difficulty in fabricating any 
bronze containing more than 5 to 7% of tin. 

This problem was clearly not new and had 
been the subject of many earlier investigations. In 
fact, according to various patents the problem had 
ilready been solved although the solutions, if 
\ilid, had certainly not been adopted by British 
Industry. 


structure and should 





(reviewed in an earlier publication in 
the Journal of the Institute of Metals, 
1944, by the present writer) showed 
two main causes of difficulty in fab- 
ricating the high-tin bronzes: 

1. In industrially cast ingots, the 
workable q solution was often encom- 
passed by a surface layer of brittle 
high-tin compounds the commonest 
example of the well-known phenome- 
non of inverse segregation. 

2. The existence of gaps, cavities 
and fissures in the body of such ingots, 
These defects frequently occurred 
together in ingots, rendering them 
quite unworkable. 


A host of theories had been 
advanced to explain these undesirable 
effects. Early workers principally 

blamed oxides and impurities, but 
gradually there grew up an overwhelming amount 
of evidence that the two defects listed above were 
in fact closely related and were caused by the 
evolution of gases from the liquid bronze during 
its solidification. Unfed shrinkage and entrapped 
air were considered secondary causes of porosity. 

When this gas theory had been adopted, many 
workers began to try to find the gases responsible 
and methods of eliminating them from molten 
brenze and other copper alloys. Hydrogen was 
soon determined to be the chief culprit. The clas- 
sical researches of N. P. Allen and his colleagues, 
published in 1933 in the Journal of the Institute 
of Metals, showed that in pure molten copper the 
amount of hydrogen which could be held in solu- 
tion depended on the oxygen content of the copper, 
on the water vapor pressure in the atmosphere 
above the melt, and on the temperature of the 
metal. These results are summarized in Fig. 1, 
and point the way for a practical method of 
degassing copper and probably (by analogy) its 
alloys such as bronze. 

This line of thought was followed by Lepp, 
first in Holland, later in France, and in his British 
patent. He showed that the oxygen: hydrogen 
relations in bronze were very similar to those 
worked out by Allen for copper, and that the 
hydrogen content of the metal could be reduced to 
a minimum, depending on the temperature and the 
water vapor content of the furnace atmosphere, 
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Fig. 1 (Left) — Relations 
of Oxygen and Hydrogen in 
Molten Copper, as Effected 
yy Temperature and W ater 
Vapor in the Furnace At. 


mosphere ( After N. P. Allen 


Fig. 2 (Below) Effect of 
Moisture Content of Furnace 
Atmosphere on Porosity in 
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provided the melt contained sufficient oxygen. He 
therefore devised a flux consisting of oxides of 
copper and manganese in a carrier of basic car- 
bonates also intended to remove sulphides. He 
also added small amounts of phosphorus or zinc 
to prevent over-oxidation of the tin. By use of 
this patented flux Lepp actually produced castings 
in tin-bronze containing up to 14% of tin which 
could be worked hot or cold. 

At the same time (1929) W. Reitmeister in 
Germany had developed a similar degassing proc- 
ess in which he first oxidized the melt by CO, and 
then reduced it by CO generated from a mixture 
of oxide and charcoal. 

Following these developments more funda- 
mental work was carried out on gas-metal equilib- 
ria by Hanson and Wheeler at Birmingham. This 

yas the direct forerunner of the wartime 

researches now to be summarized. Hanson and 

Wheeler established that traces of water vapor in 

the atmosphere could produce severe porosity in 

the metal, far greater than that which could be 

caused by equivalent hydrogen. The reaction 
HO + Me= MeO + 2H 


proceeds first from left to right, the hydrogen 
being dissolved in the metal; then, on solidifica- 
tion, the hydrogen is — from solution and 
reacts with the oxides at the grain boundaries to 
form steam. If all gases were ual by vacuum 
melting, Hanson and Wheeler found that severe 
shrinkage porosity occurred. 

This work was never published but was con- 
firmed exactly by the work of W. A. Baker and 
his colleagues of the British Nonferrous Metals 
Research Association a few years later and pub- 
lished in the Journal of the Institute of Metals in 
1941. Figure 2 is taken from this work. 

It was clear from this that in order to avoid 
porosity in bronze it would be essential to elimi- 
nate first the hydrogen and then the oxygen and 
finally to devise methods of casting to avoid the 
occurrence of severe shrinkage porosity. 
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Bronze Sand Castings 


(After Pearson and Baker) 
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Degassing 10°, Bronze 


After discussion with Dr. Lepp it was decided 
to start by testing his process in the production 
of small billets (3 in. diameter, 1 ft. high). A 
massive refractory feeding head, to compensate 
for the contraction on solidification, was built onto 
a suitable chill mold (Fig. 3) and a charge ol 
10% tin bronze was prepared under Lepp’s flux. 
After removal of the flux from the molten metal 
there was no sign of either oxide or of the bubbling 
flame spurts which indicate gas. Some billets 
were poured and the surface in the feeder head 
sank heavily and continuously until the metal was 
quite solid. Cooling was very slow, due to this 
massive feeder, but there was no sign of exuda- 
tions of low melting constituents such as occur 
when gassy metal solidifies slowly. The billets 
were then sectioned and examined for density and 
porosity distribution. The lower portion of each 
was perfectly sound (density 8.87) but the uppe! 
third had large interdendritic shrinkage cavities 
along the axis. Clearly the precautions taken 
against shrinkage porosity were not sufficient. 

This aspect of the problem was given further 
consideration and it was decided to apply the 
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pris iple of unidirectional solidification by design- 
ing a mold with a heavy chill base, insulating 
walls and a hot top. To avoid the need for the 
wasteful heavy feeding head, the principle of slow 
pouring was adopted. This arrangement (see Fig. 
4) insured that there was only a shallow head of 
molten metal above the solidifying layer through- 
out pouring, thus preserving a steep temperature 
gradient in the vertical direction throughout the 
pasty zone between the liquid and solid, and so 
keeping this zone shallow. This facilitates the 
intererystalline feeding required to compensate for 
the volume contraction on solidification. 

This mold was designed to give billets 6 in. in 
diameter by 6 in. high. The 
particular aim was to obtain 
billets so uniformly sound 
from base to top that they 
could be extruded without 
any cropping. se. 

Billets of 10° tin bronze, oe 
melted under Lepp’s degas- gerne WW 








be eliminated before such bronze could be pro- 
duced commercially. 

Flux Attack on Pots —- The strongly basic Lepp 
flux attacked ordinary fireclay-graphite melting 
crucibles very severely, so that not more than six 
melts could be obtained from each pot. Carborun- 
dum, as an alternative, showed better resistance 
to flux, but tended to become slightly plastic at 
the temperature of operation. It is only fair to 
Lepp to state that he recommended that fluxed 
melts should be prepared in rotary furnaces hav- 
ing a bauxite lining. Unfortunately such furnaces 
were not generally available for bronze melting 
in Britain, while the need for improvement in the 
quality of bronze was urgent. On 
these grounds it was concluded that 
some less corrosive flux would have 
to be developed which retained the 
i'8g same oxidation action. 
ed [oeder Deoxidation— A second diffi- 
culty with Lepp’s combined degas- 
sing and deoxidation process arose 
with the necessity of treating melts 


<1 Baked 
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sing process and poured 
slowly into this bottom cool- 
ing mold, were very satisfac- 
tory, showing no signs either 
of tin sweat or porosity. Sec- 


tions had a density of 8.91 \J 
and the microstructure Y; 
showed remarkable freedom y Z 
from porosity and a very Y 
uniform distribution of the g 


a+ eutectoid. 

These billets were then SY 
annealed to absorb the § con- YW 
stituent and, after a few YYWw00 
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consisting of all scrap. When the 
phosphorus content of such metal 
was low it was impossible to cal- 
culate the correct amount of 
deoxidant to be during 
melting (as recommended by 


added 


\_ Cast iran 
Mold 


Fig. 3 (Left) - Cast Iron Mold 
With a Massive Feeder Head 


Fig. 4 — Mold and Device for Casting an 








Ingot to Solidify in a Single Direction 





trials to determine correct 

temperatures and pressures, 

were extruded satisfactorily at 700 to 750° C. 
1300 to 1380° F.) to 1-in. diameter rod. The mate- 
rial had an excellent surface, a uniform fine- 
grained structure, and tensile properties of 67,000 
to 72,000 psi. ultimate with 70 to 80% elongation. 
The material cold worked readily; after rolling and 
drawing to about 60% reduction it gave 170,000 
psi. with 18° elongation. Corrosion tests, carried 
out by Dr. Cuthbertson at Manchester University, 
confirmed that this material was equal and in 
some tests superior to the best condenser tube 
materials available. 

Thus it was demonstrated on a small scale 
that it was possible to obtain wrought bronze of 
high tin content with excellent corrosion resisting 
properties and with mechanical properties far 
Superior to any commercial wrought bronze. 

A number of practical difficulties had arisen 
n the course of these developments which had to 
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him) and it was often necessary to add more deox- 
idant after removing the flux. This indicated the 
need for a quantitative investigation of the rela- 
tionship between oxygen and phosphorus in the 
molten bronze, since final phosphorus content has 
an important effect on the hot working range of 
the product. 

Mold Warping A third difficulty was associ- 
ated with the specially designed mold, Fig. 4. The 
thin-walled steel cylinder, used inside a preheated 
fireclay cylinder to prevent chilling of the ingot 
from the sides, began to assume a barrel-like shape 
after some 20 billets had been made, resulting in 
considerable difliculty in stripping. We needed 
some other type of mold wall which would retain 
the advantages of bottom cooling, but would either 
remain rigid or be of the collapsible type (sand 
walls) used for one billet only. 

Thus, three secondary researches arose out of 


the original problem. 


New Flux Process 


In developing a new flux it was decided to use 
copper oxide as the oxidizing agent, as even a 
complete reduction of this oxide cannot contami- 
nate the bronze. The carriers were required not 
to be basic in action at high temperatures, but to 
be stable, reasonably nonvolatile, capable of dis- 
solving any oxide skins present in the charge, and 
readily separable from the molten metal before 
pouring. 

Carriers 
borate, and boric acid were selected for test. They 


Sodium chloride, fluoride and 


were tried, one at a time, and then to ensure 
acidity an equal quantity of silica sand was 
added to each and to various mixtures of these 
carriers. (The materials were sufficiently Nuid at 
the operating temperature to stand a little thick- 
ening.) 

The chlorides were rejected as they fumed 
badly and were very difficult to remove completely 
from the metal. Furthermore they trapped slag 
in the billets. 

Fluoride alone fumed rather badly, bul) was 
much improved by the sand addition. This carrier 
was of particular interest as it was proposed to 
study aluminum as an alternative deoxidant to 
phosphorus, and the fluoride was expected to dis- 
solve the ALO, reaction product. This flux 
attacked the pot slightly. 

Borate and borie acid, tested alone, fumed 
much less than the preceding carriers but attacked 
the pot rather violently. With additions of sand, 
however, this disadvantage was completely over- 
come and the borax-sand mixture appeared to be 


the ideal carrier. 


Copper oxide, in various amounts, was hep 
tested and it was found that proportions of to 
¥% of CuO by weight were equally effectiy. jp 
obtaining complete freedom from gas (under the 
existing melting conditions, with a 10% tin br inze 
of low phosphorus content). Billets produced 
with the sand-borax-CuO flux, deoxidized with 
0.075 phosphorus added after removing the fluy, 
poured into the mold of Fig. 4, were comparable 
with those which had been produced by the Lepp 
process. They could be extruded or cold worked 
readily and gave equally high mechanical proper- 
lies when tested in the wrought condition. 
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Fig. 5 Relation Between Residual Oxygen 
and Phosphorus Contents of 10% Tin Bronze 


This flux process gave more consistent results 
than other oxidation processes, including Lepp's 
or the direct addition of copper oxide to the mell, 
as recommended by Reitmeister, or melting with 
a strongly oxidizing flame. 

Quantitative Control A series of melts ol 
10°) tin bronze were made under either sand- 
borax fluxes containing from zero up to 666 CuO 
under a charcoal cover, or without a cover but 
with a strongly oxidizing atmosphere. One mell 
prepared by each process was poured without 
deoxidation; to the others progressively increasing 
amounts of phosphorus were added. Ingots were 
analyzed for oxygen and phosphorus and examin d 
for porosity, tin sweat and mechanical properties 
This work, hitherto unpublished, showed : 

1. (a) The oxygen content of the molten 
bronze was directly proportional to the CuO con- 
tent of the flux used: (b) the amount of flux was 
unimportant provided there was suflicient for a 
complete fluid seal; (¢c) pre-fusion of the flux to 
remove all chemically combined water vapor had 
no effect on its available oxygen content. 
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The deoxidation reaction is a_ reversible 
ene. subject to the law of mass action. A certain 
minunum equilibrium oxygen content can be 
reta ned in bronze, even in the presence of excess 
phosphorus (see Fig. 5) so that the presence of a 
trace of residual phosphorus is no guarantee of 
complete deoxidation, but a minimum residual 
phe sphorus content of 0.02 to 0.025% is required 
to insure the minimum oxygen content. The phos- 
phorus addition required to insure this condition 
was obtained for each of the covers tested, and it 
increases linearly with the CuO content of the flux. 





Examination of the 


Properties of the Bronze 
ingots showed that density and tensile properties 
were determined primarily by the initial oxygen 
content of the melt (which controls the gas con- 
lent) and secondly by the efficiency of the subse- 
quent deoxidation. These properties were lowe! 
in the melts produced under charcoal or neutral 
flux, irrespective of the amounts of phosphorus 
added. Melts produced under oxidizing fluxes 
gave erratic properties, rather low if no phos- 
phorus was added, due to shrinkage porosity 
caused by entrapped oxide skin or intrinsic effects 
of brittle SnO, inclusions. With increasing addi- 
lions of phosphorus these melts showed progres- 
sive improvement; density reached a maximum 
When the residual phosphorus content was greater 
than 0.02% that is, the minimum phosphorus 
required to insure complete deoxidation. 

Since both Allen and Lepp had shown that 

dation reduces the H, content to an equilibrium 
minimum but does not entirely eliminate it, while 
the above described tests showed that subsequent 


litions of phosphorus reduced the oxygen con- 


tent to an equilibrium minimum, without entirely 
eliminating it, the recommended treatment must 
leave residual traces of both oxygen and hydrogen. 
These may conceivably react under favorable (or 
unfavorable) circumstances during solidification, 
causing traces of steam porosity — although, as 
the density shows, this must be very slight and 
does not impair the workability. However, it 
either of the reactants could be completely elimi- 
nated the quality of the billets and wrought prod- 
ucts might be further improved. 

Alternative Deoxidants — No simple and at the 
same time practical alternative for 
removing the hydrogen was available, 
other than oxidation; however, it 
appeared that deoxidation might be 
driven more nearly toward completion 
by using an element having a greatet 
heat of oxidation than phosphorus 
From the practical view it is important 
that use of such an element should 
not leave any harmful reaction prod- 
ucts behind, more damaging than the 
last trace of steam porosity. 

Of the elements available for trial 
aluminum was selected. Additions of 
1°), after removing the tux, did give 
metal with a higher density (average 
S92 as against &.88 for phosphorus 
with slightly improved hot working 
properties. However, traces of ALO 
inclusions caused weak spots here and 
there with local shrinkage porosity, 
thus comparing unfavorably with the 
notable uniformity of melts deoxidized with phos 
phorus. Extruded billets deoxidized with alumi 
num also gave slightly inferior results, due to these 
saine inclusions. 

Aluminum and phosphorus together were no 
improvement. While these tests still leave a wide 
field for research on alternative deoxidants, the 
use of an oxidizing flux followed by deoxidation 
with phosphorus provided, from the practical 
viewpoint, a quantitative control of the oxidation 
and reduction processes which, with virgin melts 
was capable of consistently vielding bronze billets 
which could be extruded to give wrought products 
of very high quality. 

Deoxidation of Scrap Melts ~The next step 
was to oblain a similar degree of control with 
scrap melts containing phosphorus, so a series of 
melts containing various phosphorus content wer 
made under fluxes with from 20 to 66 copper 
oxide. These showed that for each flux a con 
stant proportion of the phosphorus in the charge 
was removed by oxidation during melting, the 
actual amount being proportional to the free oxy- 
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gen content of the flux. With this knowledge it 
was possible to adjust the final phosphorus con- 
tents so as to insure the minimum residual phos- 
phorus required for complete deoxidation (to 
equilibrium). Provided this was done, billets from 
charges containing from 20 to 100% of scrap gave 
results fully comparable with those from. billets 
made entirely from virgin metals. 

Sand Wall Molds — There remained one prac- 
tical aspect of the casting technique, namely, the 
need to modify the mold so that it could be used 
repeatedly. Experiments were made with sand 
wall molds baked at various temperatures. Billets 
were examined to determine to what extent the 
molten bronze had absorbed gas by reaction with 
the combined water in the sand. 

Billets from a mold baked at 50° C. (125° F.) 
showed severe porosity throughout; its mechanical 
properties were as poor as those from metal which 
had not been degassed during melting. Billets from 
a mold baked at 100° C. (212° F.) showed similar 
properties in the outer layers but were quite sound 
at the center. When the mold was baked at 250° C. 
(480° F.) the billets had properties equal to those 
cast in the thin steel mold, except for a surface 
layer not more than 14 in. deep which showed 
slight gas porosity (density 8.70). This is of little 
consequence in extrusion since a thin shell is left 
behind in the die. This procedure — that is, con- 
trolled oxidation followed by controlled deoxida- 
tion, and casting into the bottom cooling sand 
mold baked at 250° C.— was then used success- 
fully for the large-scale production of billets for 
extrusion. 

Tin Conservation —— In view of the serious tin 
shortage which developed during the war, further 
experiments were carried out with an alloy con- 
taining 8% tin and 0.30% phosphorus. The 
degassing and casting procedures developed for 
the binary alloy were found equally satisfactory 
for this phosphor bronze, but the temperature 
range in which this alloy could be extruded was 
very restricted and therefore called for close con- 
trol in actual plant practice. 


Casting Billets for Strip and Bar 


Having thus developed satisfactory and eco- 
nomical melting and casting procedures for pro- 
ducing billets of high tin bronze suitable for 
extrusion and subsequent cold working, the prin- 
ciples were next applied to the production of strip 
or bar ingots for rolling into sheet, rod, or bars, 
and for cold drawing to wires. The same melting 
technique was used, but (due to the shape of strip 
and bar ingots, in which the height greatly exceeds 
the cross section) it was impossible to apply suc- 


cessfully the new-found principle of chilling from 
the base only. 

All strip and bar molds in industria! use 
were so designed that cooling proceeds from each 
mold face inwards; it was therefore necessary to 
introduce a different method to obtain freedom 
from shrinkage porosity. A study was made of 
the influence of rate and temperature of pouring, 
number and position of pouring streams, mold 
material, temperature and dressing on the extent 
and distribution of shrinkage porosity.* Rate of 
pouring was found to be by far the most impor- 
tant variable. Whatever the size, shape or material 
of the mold, complete freedom from shrinkage 
porosity and high uniform mechanical properties 
were obtained in ingots which were poured at the 
slowest rate which would fill the mold completely 
without cold shuts. This minimum rate was 
related to ingot size and shape by the formula 

R=KP, 

where R is the pouring rate, P is the periphery of 
ingot cross section and K is a constant. A single 
central stream giving this critical rate was most 
satisfactory with square sections or with strip 
ingots up to 6 in. wide; with wider ingots, two 
slower streams totaling the required critical rate 
gave the best results. 

The other variables were found to have only 
a minor effect on soundness, but they controlled 
the surface quality of the ingot. For good clean 
surfaces the mold had to be lined or sprayed very 
lightly with a combustible dressing, and the 
stream so controlled as not to strike the mold wall. 

Ingots containing up to 14% of tin, produced 
from degassed metal under these conditions, could 
be rolled hot or cold after suitable annealing to 
remove the § phase. This technique was success- 
fully applied in industrial practice. One example 
was an aircraft bearing cage which required excep- 
tionally high fatigue strength, with good bearing 
properties. All other materials had failed but a 
12 tin bronze which was made by this technique 
was successful. 

In the course of these investigations on strip 
ingots it was noticed that, with certain molds and 
casting conditions, a band of tin sweat was formed 
on the faces of the ingots. Following this observa- 
tion, a detailed examination for segregation was 
made. The 10% tin bronze strip ingots were found 
to exhibit typical inverse segregation, irrespective 
of whether the surface showed the sudden increase 
of tin content associated with the presence of the 


compound layer. 


*Detailed results of these studies have been pub- 
lished by W. T. Pell-Walpole and V. Kondic in Jour- 
nal of the Institute of Metals, V. 70 (1944), p. 279, 
and in Metlallurgia, 1946. 
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New Theory of Inverse Segregation 


Segregation in these ingots cannot be 
accounted for satisfactorily by any of the old 
theories, since solidification proceeds continuously 
with pouring and no cavities are formed either as 
a result of gas evolution or of contraction on 
solidification. The variations in composition can, 
however, be accounted for by considering the 
mechanism of solidification in such an ingot. 

A slow pouring rate with very little turbulence 
insures a shallow liquid head and a shallow pasty 
zone. Solidification proceeds by the inward and 
upward displacement of this zone. Now, the zone 
may at any time be considered as consisting of two 
regions, as indicated in Fig. 6. In the hotter region 
are crystals entirely surrounded by liquid. In the 
cooler region the crystals form a dendritic skele- 
ton. In the hotter region the contraction due to 
solidification can be compensated for by mass 
movement of the liquid. In the cooler region the 
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Fig. 6 — Diagram Illustrating the Mecha- 
nism of Solidification in a Slowly Poured Ingot 


crystals are in contact, and the contraction caused 
by the solidification of the intercrystalline liquid 
can only be compensated for by an outflow of 
liquid from the hotter region along the crystal 
interstices. The movement of this liquid must 
deplete the tin content in the hotter region and, as 
it moves outward along the crystal interstices 
through a falling temperature gradient, it must 
deposit a solid of increasing tin content. 

As the temperature falls and completion of 
solidification progresses inward, the depleted 
inner region in turn receives a feed liquid of high 
tin content. This process goes on continuously as 
the pasty zone is displaced inward and upward 
until the whole ingot is solid. 

Thus, at any region in the interior of the ingot 
the tin content is depleted during the early stages 





of solidification and increased as solidification in 
the region becomes completed. The final composi- 
tion at any point will be determined by the balance 
of these two effects: (a) No depletion occurs in the 
surface layer; elsewhere this effect should be con- 
stant throughout the ingot. (b) The total amount 
of feed liquid received by any layer should not 
vary, but its average composition will decrease in 
tin content in proportion to its distance from the 
outer surface. 

At the surface, cooling is most rapid and a 
considerable amount of 6 is formed, due to slow- 
ness of diffusion. Solidification of this § causes an 
inflow of feed liquid of peritectic composition, 
since the temperature must be 800° C. (1475° F.), 
the temperature at which 6 forms. Proceeding 
from the surface inward, temperature gradients 
become flatter, diffusion occurs more readily, and 
when crystals reach the stage at which inter- 
crystalline feeding occurs the intercrystalline 
liquid has a lower tin content. Hence, when it 
solidifies, the contraction is fed by a liquid of 
lower tin content than that which fed the surface 
layers. Thus, after completion of solidification 
there is a gradual decrease of tin content from 
surface to center of ingot, but no undesirable cavi- 
ties are present. 

Tin Sweat — With this conception of the 
mechanism of solidification it is possible to see 
how a local surface layer of tin sweat can be 
formed. If, during freezing, a gap occurs between 
the solidified crust of the ingot and the mold walls 
(for example, by warping of the latter, or by burn- 
ing away of mold dressing), then this gap will be 
fed, as it forms, by intercrystalline liquid percolat- 
ing through the skeleton ingot already cast. Since 
the temperature at the mold face must be lower 
than at any point within the ingot, this feed liquid 
must have a tin content not lower than that of the 
peritectic composition. It will therefore solidify 
as 6 or as a mixture of 8 and y. Such a layer on 
farther cooling will consist chiefly of the very 
brittle 8 and Cu,Sn compound, a conclusion that 
agrees with actual chemical and microscopical 
analyses of the tin sweat layer. 

This conception of the formation of tin sweat 
in gas-free, slowly poured ingots has been tested 
in practice. When such tin sweat has occurred, 
extra precautions to avoid warped molds, as by 
improved clamping arrangements, have cured il. 

Rolling Properties — Ingots containing up to 
14% tin cast by these procedures at the critical 
rate into molds suitably dressed and clamped so as 
to be rigid during cooling were quite free from 
porosity or tin sweat; after a short anneal to 
remove the 5 constituent they could be rolled hot 
or cold without cracking. 
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The variation of properties with tin content 
then examined in the 
annealed conditions, and the rolling and annealing 
These findings 
have been reported by the present author to the 
Institute of Metals (Journal, 1946-1, p. 19). 
The both hot 
cold, and properties of various ternary bronzes 


was as-cast and in the 


characteristics were determined. 


working characteristics, and 
produced by these routines are being investigated 
at the present time. 


Application to Complex Bronzes 
Melting -- When these alloys were made from 
virgin melts, the ordinary degassing flux as devel- 
oped for the binary tin bronzes proved quite satis- 
factory, provided the copper or copper-tin alloy 
was degassed first and the other 





Cored Billets--In attempting to apply the 
same principles to cored billets, a new diflic ulty 
Such billets are normally | 1ade 
with a sand core, since a metal core is gripped! by 
the thermal contraction of the solidified casting 


was encountered. 


and cannot be extracted. This procedure catises 


three sources of trouble: 


Shrinkage porosity at core face. 
Gas absorption from reaction between the 
bronze and combined water present in the sand. 

3. Machining difficulties due to sand burned 
on to the inner surface of the cored casting. 


1. 
2 


In an attempt to obtain rapid cooling condi- 
tions throughout such a casting and thus eliminate 
the shrinkage trouble, experiments were made to 
develop a highly compressible loam coating which 
could be plastered onto a metal core, giving the 


necessary allowance for 
























alloying additions were made 28r— I) shrinkage of the casting, bul 
after removing the flux. » Rectangular , chilling the metal from the 
Casting Solid Billets Billets | ho i core as Well as from the outer 
These alloys are normally cast SS wre Cored Sticks mold. 
into cylindrical sticks or billets & a wr id pants ~ | With this type of core 
in cast iron molds. Variation Q 20 ; i. 2. baked at 300° C. (575° F.) to 
of casting procedure showed = |" Brostions 4 = -— reduce any risk of gas absorp- 
again that pouring rate was the LS 6 A ae ea +f Leone tion, the effect of casting con- 
most important variable alfect- x « ; | 17) ditions was investigated, 
ing density and properties, and g pb |_| | | adding the variable of numbe 
that maximum soundness and ° and position of pouring 
highest properties were obtained 8 = | y | | streams. The same general 
when the pouring rate was the ~ 6r— om Tin rule was found to apply as fol 
minimum for filling the mold & —+ 0.7 % Phosphorus: solid billets, bars and strips: 
without cold shuts. The con- § py eS a ee ee ee namely, maximum density 
stant rate for a given alloy was w4 | | and properties were obtained 
again found to be related to the when the pouring rate was 
ingot size by the formula On ; 4 8 le /g 20 the minimum consistent with 
derived for the binary tin Mold Periphery, In. filling. The critical rate varied 


KP. The value of 
the constant K, however, varies 


bronzes, R —" 
Fig. é 


Relation Between Size of 
Solid and Cored Billets and Critical 


with ingot size according to 


the old formula, slightly modi- 


with alloy composition; it : a fied: 

; | :, Pouring Rate of Ternary Bronzes R--K(P.+P)) 
decreases markedly with - 4 (P, ;, 
increasing phosphorus content, where P, and P, are the exter- 


decreases slightly with increasing tin or lead 
content, and 
zine content. It is in effect inversely proportional 
to the effective fluidity of the alloy. When 
degassed metal was poured at the critical rate 
for the given ingot size (as shown in Fig. 7), the 
theo- 


increases slightly with increasing 


density was never more than 1% below 
retical, and mechanical properties were approxi- 
mately 50° above those normally obtained in 
industry. An investigation of the properties of 
ternary phosphorus bronzes prepared by these 
methods has been published by K. Winterton in 
the Journal of the Institute of Metals (V. 71, 
1945, p. 581) and some of the results summarized 
in Fig. 8. 
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nal and internal peripheries of the casting. This 
fits in with the theory for other shapes if P~ P,.+P 
is proportional to the total chilling area. 

Some variation in properties was found as 
between positions in a cored stick near to the pour- 
ing stream and positions remote from this stream. 
This variation around the periphery has since been 
shown to be related to the annealing effect of the 
“well” of heat near the stream position; conse- 
quently least variation obtains with the greatest 
practical number of feeding streams. Even the 
best properties were inferior to those from equiva- 
lent solid billets, a circumstance that is due to gas 
absorption from the combined water in the sand. 

Investigations to minimize this last mentioned 
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source of trouble were then carried out, and they 
were reported in some detail by the present author 
in Foundry Trade Journal for January and Feb- 
ruary 1946, 

Gas absorbed from the sand results from =a 

reaction 

Me + H.O= MeO+2H 
The nascent hydrogen dissolves in the bronze and 
diffuses throughout the still-mollen metal very 
rapidly. The extent to which this reaction pro- 
ceeds is governed by three main factors: 

1, The concentration of combined water pres 
ent in the sand’s bonding material. 

2. The pouring temperature, and the mass of 
sand involved, which determines the temperature 
reached at the sand-metal interface. 

3. The composition of the bronze. 

The water concentration is determined by the 
nature and quantity of bonding agent, and by the 
efliciency of baking, as determined by the time, 
temperature, and degree of air circulation main- 
tained during this operation. 

These factors were examined for a great num 
ber of sand mixtures containing natural or artifi- 
cial bonding agents. The mixture to be tested was 
lined into a pouring nozzle and drilled to give the 
critical pouring rate for a 2-in. billet, and a melt 
of degassed bronze was poured through this lined 
funnel. The density and properties of the result- 
ing billet were compared with those of a similar 
billet poured from a degassed melt through a clean 
gray-graphite funnel, not lined, 

Bonding agents consisting of linseed oil and 
cereal were much superior to all other types tested. 
For a given bond and baking conditions the amount 
of absorbed gas increases rapidly with increase of 
pouring temperature; for constant pouring tem- 
perature it decreases with increase of baking tem- 
perature and with the extent of air circulation 
High phosphorus, high tin bronzes absorb gas most 
readily, zine bronzes absorb less gas, and the 
leaded bronzes least. 

Cored billets made with a chill core coated 
with a mixture of sea-sand oil and cereal, baked 
at 200° C. (400° F.) and poured at the lowest tem- 
perature consistent with the use of the slow critical 
pouring rate, had properties very nearly equal to 
those of solid sticks. Such results, however, could 
only be obtained by very close control of the fac- 
tors concerned. 

Asbestos Covered Core— The “nongassing”™ 
loam-coated core still left unsolved the difficulty 
of a rough inner surface. An alternative core was 


Fig. 8 — Ultimate Tensile Strength, Elongation and Dia- 
mond Penetrator Hardness of Phosphorus Bronze Billets, 
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developed to avoid this, by wrapping asbestos 
paper around a metal core. This met the require- 
ments for easy extraction and gave excellent inner 
surfaces, but caused gassing in the same manner 
as the sand cores, due to the combined water pres- 
ent in the binding agent. 

Further experiments showed that by baking 
such a wrapping at 300° C. (575° F.) and painting 
the surface with a wash contain- 
ing 9° of aluminum powder and 
2% of dextrine, gassing was 
inhibited -— providing the core 
was not more than 2 to 3 in. in 
diameter so that three layers of 
paper were suflicient to permit 
extraction. Large diameter cores 
required some six to eight layers 
of paper, and this caused a con- 
siderable degree of gassing and 
greatly insulated the chilling 
effect of the metal core. 

Split Core — This indicated 
that for large bore castings, such 
as for gear blanks, some alterna- 
tive form of core was necessary. The solution was 
found by splitting a cast iron core into quarters, 
removing ;'; in. from each radial face, and insert- 
ing a layer of asbestos paper 4% in. thick. The 
paper layer permits the required degree of con- 
traction of the cored casting and, since -it is in 
contact with the molten bronze only at the \%-in. 
edge at each quarter point, it causes no appreciable 
amount of gassing. 

Further development of this idea is in hand. 


Ternary Bronzes From Scrap 


The position at this stage was that chill cast- 
ings of any commercial ternary tin bronze in any 
common size or form of ingot could be prepared 
so that the material was sensibly free from gas 
and shrinkage porosily and from tin sweat. 

The next problem to be solved was to devise 
a degassing treatment suitable for ingotted or 
scrap charges of these alloys. 

It is clear that, for such charges containing 
oxidizable elements, the flux must contain more 
available oxygen to effect complete degassing, since 
part of the oxygen is fixed as metallic phosphates, 
zine oxide, or other nonmetallic particles. 

Standard Metal —- Experiments were made with 
gassed scrap charges to determine the concentra- 
tion and quantity of flux required for degassing. 
Metal was prepared to a standard gas content by 
pouring a degassed virgin melt through a funnel 
lined with a known weight of molding sand with 
a fixed water content. By this method a 10% tin 


bronze with 0.7% phosphorus, a 10% tin bronze 
with 2%, 88-10-2 gun metal, and 88-5-5-5 red brags 
could be produced containing 2 to 3% porosity, 
Leaded bronze was not seriously gassed by this 
procedure, suggesting that hydrogen is not very 
soluble in highly leaded bronzes; however, a little 
hydrogen was introduced, sufficient to produce 
about 1% gas porosity, by adding molding sand 
directly to the melt. 

Charges of the standard 
gassed metal of each composition 
were then melted under oxidiz- 
ing fluxes of varying CuO con- 
tents and poured into chill molds 
under conditions known to give 
freedom from shrinkage porosity 
The ingots were examined for 
density, tensile properties and 
shrinkage. In each series of tests 
smooth curves were obtained 
relating density and tensile prop- 
erties of the ingots to the CuO 
content of the flux used. 

Low-phosphorus bronze and 

leaded bronzes were completely degassed with the 
flux containing 33% CuO by weight. High-phos- 
phorus bronzes and gun metals required a rich 
flux containing 509% CuO. The total amount of 
flux used had little effect on the results, providing 
there was sufficient for a fluid seal. 

Alloys of low gas content—as the highly 
leaded bronzes — could also be degassed by melt- 
ing with an oxidizing flame without cover. This 
method, however, was useless with high-phos- 
phorus or zine bronzes. 

Commercial Oxidizers — In view of the cost of 
CuO, cheaper oxides were investigated. Their 
drawback, even if efficient, is that reduction of the 
oxide may contaminate the melt. Experiments 
were made with various concentrations of MnO,, 
SnO., Pb,O, and Fe,O,;. The first two were quite 
efficient. With MnO, only 0.002% Mn was intro- 
duced into the metal. Reduction of tin from Sn0, 
was of course beneficial rather than a source ol 
trouble, but this reagent is even more costly than 
copper oxide. Pb,;O, and FeO, were inefficient 
and uncertain in degassing action and caused 
serious contamination of the melt. Other oxides 
have yet to be tried. 

An alternative method of cheapening the flux 
was to use commercial forms of copper oxide such 
as copper mill scale. Scale from hot or cold rolling 
mills was quite efficient at a concentration of 50 
but certain supplies of so-called mill scale failed 
Tests showed that they were contaminated with 
hydrated copper salts from pickling vat residues 
These salts introduced a serious amount of com- 
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bined water which reacted with the melt and 
induced a high gas content. This trouble was 
eliminated by melting such fluxes prior to use. 


Surface Quality in Bronze Ingots 


Once practical and economical methods had 
been established for obtaining consistent freedom 
from internal defects in any tin bronze, irrespec- 
tive of composition, size, or shape of ingot, atten- 
tion was turned to surface quality. In practice 
this is of considerable importance, particularly in 
ingots for rolling. 

During the researches on gas and shrinkage 
effects, observations were made on the effect of the 
variables studied on surface quality. An appraisal 
of the data at hand indicated that the chief surface 
defects which have to be considered are: 

1. Tin sweat. 

2. Blowing porosity (gases mechanically 
entrapped between ingot surface and mold wall). 

3. Cold shuts. 

4. Surface inclusions, either of oxide skins or 

mold dressing. 

These defects are primarily determined by 
metal and mold conditions, but may be modified 
and controlled by suitable mold dressing. 

Cold shuts, splashes, and oxide traps are 
avoided by the controlled pouring process. Blow- 
ing is also reduced similarly, but even then occurs 
if the metal stream impinges on the cast iron mold 
wall, since normal dressings are washed off under 
these conditions. If washes are thick enough to 
stand scour, tin sweat results from gas absorption. 

G. L. Bailey’s theory of blowing, advanced in 
Journal of the Institute of Metals (V. 49, 1932, 
p. 203) is that it is caused by a reaction between 
iron scale and carbon of the cast iron mold when 
locally heated, generating carbon oxides which 
become entrapped. Observations during our 
researches suggested that the oxide involved was 
that on the metal surface rather than on the mold. 
Thus, blowing occurred most readily in highly 
fluid phosphorus bronzes and leaded phosphorus 
bronzes, less in gun metals and oxidized tin 
bronzes, and was not observed at all when 
aluminum was present in the metal. 

The degree of inhibition provided by the 
oxides present may be due to (a) mechanical or 
thermal insulation of mold, or (b) differing 
reactivity of the oxide with carbon. Whichever 
of these is correct, the observations suggested that 
i! ALO, or a similar nonreactive oxide, were 
ipplied to the mold’s surface with a sufficiently 

*A more complete discussion of the problem of 

rface quality has been presented by the present 
riter in a recent article in Metal Industry (London). 


strong carrier, blowing might be prevented. Sus- 
pensions of Al,O, and of aluminum powder in vari- 
ous carriers were then tested in comparison with 
ordinary dressings. 

Blowing was completely prevented, even 
under unfavorable conditions, with a suspension 
of aluminum powder in a heat-hardening synthetic 
resin. This dressing, which can be applied thinly 
enough to avoid gas absorption or carbon traps, 
gave ingots which could be rolled directly to give 
Naw-free strip and other shapes.* 


Continuous Casting 


This work on surface quality completed the 
researches on static methods of casting, and the 
procedures developed left only one disadvantage: 
Since turbulence increases with the depth to which 
the metal stream falls, there is slight variation of 
properties from bottom to top of a long ingot. 

To surmount this difficulty, an experimental 
plant for semicontinuous casting with a water- 
cooled copper die, incorporating the methods of 
degassing and slow pouring, was developed with 
considerable success. Bars of 1 to 2-in. diameter 
up to 3 ft. long were made. They had quile uni- 
form properties throughout their length and were 
slightly superior and more consistent than the best 
obtained with static molds. 


Impurities 


The work summarized in this article is now 
being extended to cover the effects of impurities 
on casting characteristics and on properties. So 
far, aluminum and bismuth are shown to be most 
harmful, while arsenic, antimony, iron, manganese 
and silicon are much less harmful in these sound 
ingots than when porosity is present (as with the 
older methods of casting). The control of impuri- 
ties is an important problem from the practical 
point of view, and present research is directed 
on finding the extent to which such “impurities” 
can be eliminated or reduced to negligible propor- 
tions by use of fluxes. 

It has already been shown that phosphorus, 
a common impurity in scrap gun metal due to con- 
tamination with phosphor bronze, can be con- 
trolled quantitatively by the use of oxidizing fluxes. 
The amount absorbed by a flux is a constant pro- 
portion of that present in the metal. This propor- 
tion varies linearly with the available oxygen 
content of the flux. As much as 0.3° of phos. 
phorus can be reduced to 0.05°%, an acceptable 
figure for high quality gun metals. Similarly zinc 
can be removed from phosphor bronze, and alumi- 
num and iron from all tin-containing bronzes. © 
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Reclamation 


of Aircraft 


Aluminum 


Pracricansy all attempts to reclaim aluminum 
from wrecked and obsolete aireraft) have been 
commercial failures in America because of the cost 
of preparation and segregation, the comparatively 
low grade of metal obtained, and the amount of 
aluminum lost in the dross and slag. Perhaps the 
most successful practice outside of Reynolds plants 
was that developed by the U.S. Navy, which con- 
sumed 6000 tons of aircraft serap at six Naval Air 
Stations in 1945. However, even with metallurgical 
technique, Navy ingot produced from aircraft 
scrap averages around 1% iron, 4 to 5° copper, 
1% magnesium, and corresponding high amounts 
of other metals, unwanted in all but the lowest 
grade casting ingot. Navy practice is to melt the 
scrap in an open pot, or in a sloping hearth 
reverberatory furnace, or one of the latter with a 
metal-holding bath to produce heats of known 
analyses. (The practice is described generally in 
Modern Metals for April 1946, page 8.) 

However, a number of difficulties are involved. 
Pot melting requires that metallic parts or alloys 
containing lead, iron, magnesium and zine be 
removed almost completely from the aluminum 
scrap before melting. Since this (and the rela- 
lively small pot sizes) necessitates cutting up the 
aircraft and involves a large amount of laborious 
hand work in removing all sorts of fittings like 
copper wiring, steel control cables, wing hinge 
forgings, armor plate, firewalls, brass fittings, and 
bronze bushings, this segregation is very costly. 
Pot melting picks up an excessive amount of 
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iron, due to its ready solubility in 
molten aluminum. Melting on a slop- 
ing hearth (wherein the fusible 
metals drain away quickly from the 
unmelted iron and copper alloys) has 
involved considerable loss by oxida- 
lion; in fact, some engineers simply 
suy you cannot melt thin aluminum 
serap “in the air”, 

Again, the percentage of unde- 
sired elements reported in the 
recoveries is still greatly above that 
specified in ingot for wrought or cast 
products. (See Tables T and III for 
typical values.) Thus, this reclaimed 
metal must be remelled and sweet- 
ened with virgin or high purity alumi- 
num to bring the analysis within the 
range desired. 

Regardless of the type of furnace, 
charging it with aircraft serap has 

involved much expense because such material is 
bulky and difficult to handle, often with sharp 
ragged edges. The cost of cutting up the serap b 
size convenient for charging, combined with the 
cost of separating out copper, brass, steel, and 
other nonaluminum alloys, made the operation 
seldom profitable especially since the aluminum 
ingot obtained was of a comparatively low grad 
and the proportion of metal recovered was low 

It is interesting to see how these factors wer 
overcome at) Reynolds Louisville Plant) No. 9 
(Reclamation) where Norman Kohlhepp, the plant 
manager, and his assistants C. W. Briel, J. E. 
Bramblette, and R. Van Winkle, developed some 
very definite ideas concerning reclamation meth- 
ods, have kept the costs well in line and what 
is most important the reclaimed metal is of 
such purity that no sweetening is required to 
make it suitable for use in wrought or cast prod- 
ucts conforming to present-day specifications. 

These men started to reclaim wrecked aircratl 
with considerable experience gained from the 
recovery of more than 5,000,000 Ib. of aluminum 
per month during the war. Reynolds plants were 
required to experiment with aluminum scrap 0! 
all types to the end that it could be refined and 
used in good sheet that would meet aireratl 
requirements. With the quality standards thus 
set high, Plant No. 5 started using only a sm:!! 
amount (about 20%) of scrap, mixing it with \ 
gin aluminum. Within eight months, charges were 
made up of 100% scrap, with resulting me!a! 
















mec.:ing the original 
stancards of the sheet 
from Which the scrap 
originated. Some 100 cars 
of aireraft scrap were 
being handled monthly. 
Furnace practice 
was worked out during 
point 
where even 0.020 
in. thick is remelted with 
a recovery of 96 to 98%. 


this period to a 
sheet 


Since 2% can easily be 
lost in fluxing operations, 
this means that no metal 
is lost from burning dur- 
ing the melting operation, 


These results contrast 


Process Innovations in Brief 





CONVENTIONAL PRACTICE 


Cuts up scrap into small sections for 


charging. 
Segregates lead, copper, iron, brass, 
and other alloys by hand. 


Charges small pieces, largely by 
hand. 

Uses granular fluxing materials such 
as aluminum chloride charged 
under bath surface by hand. 
Fluxes at intervals. 

Considerable metal lost by burning 
in the furnace. Much dross and 
skimmings produced, 

Poor quality metal, high in unde- 
sirable elements, which requires 


REYNOLDS PRACTICE 


No cutting; charges complete fuselage and 
wing sections if these are encountered. 

Does not segregate anything by hand; 
melting practice takes care of impuri- 
ties. 

Charges everything mechanically in large 
batches. 

Uses chlorine gas exclusively for fuxing. 
Fluxes continuously. 


Littke metal lost by burning; over 95% 
recovery of aluminum content. 


Excellent quality metal, good for foundry 
castings, forge or rolling mill ingots by 





greatly with the opinion 
of many experts that it 





sweetening with 
before use. 


virgin) metal simple remelting additions, 





is not feasible to melt 
light aluminum 
except by immersing it in a metal bath, 
This ability to remelt thin sheets is 
essential if wrecked aircraft is to be suc- 
cessfully reclaimed. It is also evident 
that the greater the percentage of alumi- 
num recovered, the better the operation 
is from a dollars-and-cents standpoint. 
Complete recovery of the fusible vet 
about 


scrap 


o\idizable aluminum comes 


through the use of a reducing fame at 





Table I 

Analysis of Navy Reclaimed Ingot* 
ELEMENT Crass A Crass B | Crass C 
Copper 4.50 3.507 6.50 
Iron 0.60 0.75 1.10 
Magnesium 1.00 1.50 1.50 
Manganese 0.50 0.65 0.65 
Nickel 0.10 0.10 0.25 
Silicon 0.50 0.50 1.00 
Tin 0.10 0.10 0.15 
Zine 0.20 0.25 1.00 
Lead 0.07 0.10 0.50 
Chromium 0.10 0.10 0.10 
Titanium 0.10 0.10 0.10 











*From Modern Metals, April 1946, page 
% Another class (Class D) makes up the 
remainder of the ingot produced by the 
Navy aceording to the following policy: 
When an activity is faced with a run of 
uniform, segregated material such as 3S 
fuel tanks and aireraft engine cylinders 
(high nickel), the metal will be stockpiled 
a properly identified; individual ana- 
I\tical records on heats of the Class D 
incot will be available. 

‘Includes a range from 3.50 to 5.00. 





all times. The sloping or sweating hearth type of melting 
furnaces employed at Plant No. 5 use two 6-in. Hauck oil 
burners, one firing crosswise the 15-ft. long sloping hearth 
just inside the Sx &-ft. charging door, the other firing length- 
wise about 3 ft. above the molten metal in the 8-ft. square 
holding hearth at the opposite end of the furnace. 

A reducing flame is obtained by supplying an excess of 
oil, easily noted in the furnace as a slight swirling mist or 
Furnace atmosphere leaking out and burning around 
In such 


vapor, 
doors also indicates a reducing atmosphere within. 
an atmosphere there is always excess oil ready to unite with 
any oxygen that enters during charging or drossing opera- 
tions, or through any crevice. The melting aluminum is thus 
protected so it does not burn up in the furnace atmosphere. 

Preparation costs are negligible at Plant No. 5 because 
refining methods take care of any tramp metals that may be 
mixed in with the aluminum scrap. No parts less than & ft. 
wide are cut up. Even complete wing and fuselage sections 
are melted without cutting; in fact, full wing and fuselage 
sections are preferred. 

Iron or brass parts do not melt in the furnace and are 
removed from the sloping hearth by raking out through side 
doors (Fig. 4, page 1236). The only work done on incoming 
metal is precautionary in nature, such as dynamiting fuel 
tanks to remove the possibility that gasoline vapors locked 
in structures, tanks or connecting lines may explode when 
put into the hot furnace. 

Furnaces have &-ft. square openings for charging 
Which adapt them for mechanical 
hand 


some are $-ft. square 
handling equipment and entirely eliminate costly 
charging methods. Accompanying illustrations demonstrate 
the two systems utilized. 

New furnaces on the main floor are charged directly 
from gondola cars by means of a rubber-tired crane operat- 
ing up and down the charging floor (Fig. 1). A clamshell 
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bucket lifts the scrap from 
the gondola, the boom 
swings around toward the 
furnace and drops its load 
on the elevated charging 
platform which is level with 
the sloping hearth inside 
the furnace. 

When enough metal 
has been placed on this 
charging platform, the fur- 
nace door lifts and the 
entire charge is pushed into 
the furnace by a fork truck 
and ram (Fig. 2). This 
welded steel ram has hollow 
slots in its base, into which 
the forks of the truck fit: 
the truck lifts the ram and 
maneuvers it to the end of 
the charging bin, and 
pushes the charge into the 
furnace as it moves forward, 
like a bulldozer. 

Those furnaces located 
too far from the railroad 
siding to permit charging 
directly as described above 
are fed by large bins carried 
by a fork truck. These bins 
are loaded near the gondola 
by acrane. The truck then 
carries the bin to a furnace 
and elevates the bin above 
the charging platform. A 
special revolving head car- 
rying the forks then turns 





Table Il — Typical Cast Analyses 
at Reynolds Louisville Plant No. 5 





ELEMENT |AVERAGE*| As Low Ast 
Iron | 0.45 | 0.30 
Copper | 425 | 3.80 
Magnesium! 0.25 Trace 
Manganese | 0.55 0.45 
Chromium |__ 0.01 Trace 
Zinc 0.15 | 0.03 
Lead | 0.25 Trace 
Titanium | 0.01 Trace 
Nickel 0.01 Trace 














*Averages of about 200 succes- 
sive furnace melt analyses. 

*“As low as” values are from 
same series of analyses. 
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Fig. 1 (Above) — Charging Floor in 
New Addition to Plant No. 5 Con- 
taining Six New Sloping Hearth Fur- 
naces. Portable crane travels up and 
down charging floor between furnaces 
and gondola cars. Scrap is picked up 
by clamshell bucket, swung over and 
dropped on elevated charging platform 


Fig. 2 (Below) Fork Truck Picks 
up a Large Ram and Uses It to Push 
the Charge Into the Furnace. Charg- 
ing platform is on rollers. When 
charging, the ram is used first to push 
the platform so its floor and sides 
extend into the door, thereby assur- 


ing that all scrap clears the doorway 























the bin over (Fig. 3). *The load is then pushed 
into furnace by the fork truck with the ram, as 
already shown in Fig. 2. 

Vertical lift doors expose openings for charg- 
ing measuring 8x8 ft.; new furnaces now going 
in will be 9x9 ft. 
date rough scrap as it comes, without need for 


These large openings accommo- 


cutting. Entire wings and fuselages, 30 ft. or 
more in length, are also melted down without cut- 
ting in the following manner: The fuselage is 
placed in the furnace as far as possible with the 
crane, the furnace opening is closed with a chain 
curtain and the metal inside melted. The remain- 
der of the chunk is then pushed in and melted; 
perhaps three such stages may be required. 


molten aluminum, effectively fluxing out impuri- 
ties. In fact, analyses ranges shown in Table II 
reveal that magnesium can be reduced greatly 
where magnesium is not wanted. Compare these 
with the ranges shown in Table I, produced by pot 
melting without gas fluxing. 

Chlorine is run direct from tank cars to the 
furnaces in the system sketched in Fig. 5 that was 
designed and built at Plant No. 5 in cooperation 
with Pennsylvania Salt Mfg. Co. Six furnaces use 
about a tank car of chlorine each week. A rather 
full description of this installation may be of inter- 
est since it represents developments that have now 
been adopted by other Reynolds plants, and no 
similar ones were in existence when this was made, 


Table III — 17S and 24S Compositions 





DESIRED 





SPECIFICATION ALLOY a ee wa 
Cu MN 

Navy 47A3c 17S 3.5 to 4.5 | 0.4 to 1.0 
Federal QQ-A-361 17S* 3.5to 4.5 | 0.4to 1.0 | 
A.M.S. 4032B 17S 3.5to 4.5 | 0.4to 1.0 
A.S.T.M. B 78-44 T 17S 3.510 4.5 | 0.4 to 1.0 
A.S.T.M. B89-44 T 17S 3.5to 4.5 | 6.4to 1.0 
Navy 47A10e 24S 3.8 to 4.9 | 0.3 to 0.9 


3.8to 4.9 | 0.3to0 0.9 
3.8to 4.9 | 0.3to 0.9 
3.8to 4.9 | 0.3to 0.9 
3.8to 4.9 | 0.3to0 0.9 


Federal QQ-A-355a 24S 
Federal QQ-A-362 24S* 
A.M.S. 4037A 24S 
A.M.S. 4041 A 24S* 





ALLOYING ELEMENTS 


0.2 to 0.75 
0.2 to 0.8 
0.2 to 0.8 
0.2 to 0.8 
2to 0.8 
.2to 1.8 
2to1.8 


0. 


DEFINITE OTHER IMPURITIES 
IMPURITIES ( MAX.) ( MAX.) 
MG Fe S! ZN Cr Eacu TOTAL 
1.0 0.75 0.03 | 0.25 0.03 0.1 
1.0 0.8 0.03 0.25 0.03 0.1 
1.0 0.8 0.1 0.257 0.05 0.15 
1.0 0.8 0.1 0.25 0.05 0.15 
1.0 0.8 0.1 0.25 0.05 0.15 
6.5 0.5 0.1 0.25 0.03 0.1 
0.5 0.5 0.1 0.25 0.03 0.1 
2to1.8 0.5 0.5 0.03 0.25 0.03 0.1 
2to 1.8 0.5 0.5 0.1 0.25 0.05 0.15 
2to1.8 0.5 0.5 0.1 0.25 0.05 0.15 








*Clad. +tAlso 0.15 max. titanium. 


Each furnace is charged just as often and just 
as fast as possible, the aim being to get a continu- 
ous melting operation. Molten metal is tapped off 
in 9000-Ib. lots (Fig. 6, page 1237), about half the 
content of the holding hearth. Fluxing is con- 
tinuous. 


Chlorine Gas Fluxing 


Iron content in the reclaimed aluminum is 
kept low because molten aluminum is not allowed 
to remain in contact with any hot steel. As soon 
as the aluminum melts, it runs off the iron or steel 
parts, down the sloping hearth and into the hold- 
ing hearth or basin, so there is little opportunity 
for iron pickup. Then chlorine gas, the only 
fluxing agent used, is bubbled into the bath of 


Fig. 3 — In the Older Portion of Plant No. 5, Where 
There Is Not Sufficient Room Overhead to Swing the 
Crane Boom, the Loading Platforms at the Furnaces 
dre Charged by a Unique Revolving Head on a Lift 
Truck, Which Has Carried the Bin Loaded With Scrap 


Page 1235 
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Traces of chlorine gas in the air can be extremely 
irritating to humans and for that reason there was 
some hesitancy in using it in commercial furnaces. 
However, sound engineering of handling equip- 
ment and safety practices have proven highly 
effective and no trouble has been encountered. 

As shown in the diagram at right, above, 
liquid chlorine arrives at the plant in insulated 
lank cars of 30-ton capacity under a pressure of 
£0 to 90 psi. The top of the tank car has four 
valves, two being gas or blow-olf valves venting the 
very top of the tank, and two connecting to lines 
ending near its bottom. These two are used for 
drawing off the liquid chlorine. Connection is not 
made to either of the gas valves because with- 
drawal of gaseous chlorine would quickly reduce 
the tank car pressure and make unloading of the 
ear contents very difficult. 

A railway siding used exclusively for chlorine 
ears and provided with a locked switeh and derail 
accommodates two tank cars so when one empties, 
another is at hand for immediate use. The 200-ft. 
line from tank cars to evaporator unit is fabricated 
from t-in. extra heavy steel pipe with welded 
joints. It is buried underground. A tank car 
connects to this line through a 10-ft. length of 
Nexible high-pressure copper tubing, a valve, a 
pressure gage, and a line valve. 

Connections at evaporator and in lines to 
furnaces are made with ammonia type, two-bolt 
tongue-and-groove flanged unions with lead gas- 
kets. Fittings are forged steel, rated at 600 Ib. 
Furnace flow control valves are *,-in. standard 
Chlorine Institute ton container type. Main line 





evaporates and flows out into the furnace line at 
a pressure of 60 to 70° psi. 
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cutoff valves are Crane No. 1644. Gages are 


rhe 

protected type with silver diaphragm. 
Vapor pressure from the chlorine in th: rk 
car is above critical pressure for liquefaction, yq 


maintains the line at 70 to 90 psi. which is 

than ample to force the liquid through the pi 
system and to inject it into the molten metal bath 
A final complete drop in pressure at the gage alon 


‘ 


side the tank car shows when the tank is empty 
Inventory records of reclaimed metal provide a 
weight check on quantity of chlorine used. The 
evaporator is on the main furnace floor in a small 
booth to one side of the furnaces. It is al APpPLrori- 
mately the same elevation as the tank car. 

The evaporator consists of a 5-ft. length of 
8-in. diameter extra heavy seamless steel tubing 
mounted inside a 3-ft. length of 14-in. tubing 
make a 3-in. water jacket between the two. A 
heavy tongue-and-grooved blank flange is filled to 
the bottom of the &-in. tubing to facilitate inspe 
tion and cleaning. A rupture disk is connected at 
the top as a safety, this being a 2-in. diameter sil 
ver disk rated to blow at 225 psi. The space 
between the two lengths of tubing has wate 
pumped through it continuously from a 50-gal 
tank alongside; this water is maintained at 100° 1 
by four 6-kw. immersion type electric strip heaters 
installed in the 50-gal. tank. Current is controlled 
by thermostat, and a makeup device automatically 
maintains the water level. 

As heat is supplied to the liquid chlorin 
flowing into the bottom of the &-in. tubing, 
! 
Evaporator, water 
heater and all gas lines are care 
fully insulated with a ‘<-in. coating 
of 859 magnesia. 

From the manifold at each 
furnace, flexible hose connections 
carry the gas to the discharge tubes 
which reach to the bottom of the 
metal bath. The strong. stirring 
action that results as the gas bub- 
bles up to the top is important. It 
eliminates the need for mechanical! 
stirring. Discharge tubes are of 
nonmetallie material (to prevent 
iron or other alloy pickup), coated 
with a refractory, through which 
the gas is finely dispersed. 


Fig. 4 — Operator at Extreme Rear Is Pull- 
ing Steel and Other Refractory Materials Of 
the Sloping Hearth. Aluminum has melted 
and run down into the bath at right. Oper 
tor in foreground is skimming off dross [rom 
top of bath, pulling it into the dross ‘uggs 






































































































Fig. 5 — Sketch of Sys- Expansion Tants y 
tem | tilizing Liquid Chlo- » Ammonia Type. 2-Bolt Flanged Unions  e i 
rine From Tank Cars, j —Vent ples ila 4 
Fed Directly to Furnaces 5 / -Rupture Disc Back End of 
Through Evaporator Unit Y S296 overhead Gas Line Gage ‘furnace | 
— Gage Q a to Furnace = 4 4 | 
4 
9 
PEKING | —__, ' ‘ Water Lyte 
Connection | A alves All | 4,0)" Heater 2 Valves | ii | 
1) | Immersion P a 7 - 
‘ = 
HEHErS a | 
41 q Electric Line | To Fluxing Tubes~ | Ps 
> Sa a <— —EEEE = 7 —— L. L 
UNOErOr OU ottom Open 
0 yagi wad "Circulating Pump In order to prevent spread of any 
AD ees oe Evaporator Unit escaping gas over a wide area in the 
Low Spot in weit 8 (Sketched in Large Scale) plant in event the rupture disk leaks 
Untrequented Area or breaks, the vent should open into 


Safety Measures 


Chlorine gas is toxic if inhaled in quantity. 
It also can cause serious internal corrosion in pipe 
lines if moisture is allowed to enter. However, 
this gas has caused no serious trouble. 

Safety measures built into the system include 
an expansion tank mounted inside at the highest 
point on the unloading line (see diagram). This 
tank is an empty 100-Ib. cylinder for liquid chlo- 
rine, mounted vertically, upside down, and is of 
sufficient volume to absorb any expansion in the 
system. Another safety measure is the frangible 
diaphragm in the top of the evaporator, designed 
to rupture at 225 psi. The discharge side of this 
safety head is connected to a vent to carry away 
the gas to a safe point if the disk blows out. 


the air not above the top of a building 

but along the ground at a low point. 
Since chlorine gas is heavier than air, gas would 
be simply poured on the building if an overhead 
vent were to go into operation. It is therefore 
desirable to have any discharge collect in a low 
area and not spread. 

Rule: Run all vent outlets to a low point on 
the ground, and inspect the open end of the vent 
frequently to check the tightness of the diaphragm. 

It is important to insulate the gas lines prop- 
erly, or condensation will liquefy the chlorine and 
form slugs or blobs that may enter the bath. 
Furthermore, liquid chlorine rapidly attacks rub- 
ber hose connections. Placing pipe lines high and 
away from mechanical damage is also an absolute 
essential. Sufficient valves should be employed to 
permit the isolation of any furnace or section 
without shutting down the entire system. Gas 


Fig. 6 — Casting Ingots of Reclaimed Aluminum From Sloping Hearth Furnace. Note piping to oil 
burner at upper right, and inclined chlorine feed tube through small arch in furnace wall near left corner 

















masks are kept handy for use in repairing leaks. 


Comparing Tables II and III, it will be ted 


When working on lines that have been used to that the reclaimed aluminum lacks nothin. jp 


carry chlorine gas, be sure to cork up all openings 
in the system to prevent formation of hydrochloric 
acid by reaction with moisture in the air. 
ber that chlorine will not attack iron or steel pipe 
if it is kept dry and at temperatures below 180° F. 
(Higher temperatures result in rapid attack.) 
What would happen if some gas condensed in 
the lines and liquid chlorine entered the bath of 
explosion? No. 


molten aluminum an 


proved to be a needless worry because even then 
the chlorine is vaporized in passing through the 
feed tubes and simply produces a few extra large 
bubbles of gas as it escapes up through the bath. 

Confirming the experience of other large users 
of chlorine gas in the chemical process industries, 
Reynolds has found its use to involve no serious 


health hazard. 


quality. 


Remem- 


reports. 
This 


ing elements are lost in reclamation. 
some pickups in lead and zinc; casts high in (hese 
elements may be segregated for dilution with purer 
metal or other appropriate disposition. 

The values given in the table are not picked 
but represent actual figures from several pages of 
They illustrate that magnesium, a trou- 
blesome element, can be held to from 0.25% to a 
mere trace, when desired. 

By referring to Table III, it is evident that 
such reclaimed metal can easily be remelted and 
brought to definite desired composition ranges 
such as those for 17S or 24S simply by the addi- 
tion of alloying elements. 
aluminum is seldom required to make good metal 


Note particularly that no desirable 4 \\oy- 


Ther « are 


Sweetening with virgin 


for foundry, rolling mill or forge shop. 


German Methods of Recovery and Refining* 


Little attempt was made in Ger- 
many to reclaim aluminum until 
late in the war, for no shortage in 
commercial ingot existed until then. 
The plants investigated by British 
and American metallurgists there- 
fore appeared to be improvisations, 
for the most part. While rules for 
segregating scrap were established, 
it was evident they were not fol- 
lowed properly. Likewise no 
account was taken of such facts as 
that engine scrap was quite differ- 
ent in its nature if derived from 
British, American or German 
wrecks. 

Melting was done on_ inclined 
hearths, sloping 1 in 6 to 1 in 12, 
and usually about 6x12 ft. in area. 
(In one plant the hearth consisted 
of cast iron grate bars, through 
which the molten metal trickled.) 
Most furnaces had two holding 
hearths, separated from the melting 
hearth by weir wells to prevent 
entrance of unmelted matter. 
Arrangements were made so one 
pool was filling while the other was 
being skimmed and cast. 

Charging arrangements were 
rather crude and depended on 
hand labor. One design had a 
charging floor about 10 ft. above 
the melting hearth, wherefrom the 
scrap was thrown into what was 
in effect a large bin, down which 


*x*From reports made by the 
Combined Intelligence Objectives Sub- 
committee investigating German in- 
dustry, summarized in Metal Industry 
for September 13 and 20, 1946. 


it settled as it was melted or raked 
aside at the hearth level. Another 
charged through a large circular 
hole in the roof, 9 ft. above hearth 
level, covered with a dome; when 
charging, the dome was lifted and 
trundled aside by an overhead 
hoist and trolley. 

In all such furnaces, the 
unmelted refractory metals were 
raked out the side door by hand. 

The ingots so produced were off 
grade as to analysis, and badly con- 
taminated by dross and oxide, so 
the problem of refining was one of 
great importance. Of the three 
methods used for eliminating 
unwanted metals from reclaimed 
ingots, the so-called Beck process 
was the only one that produced 
sizable tonnages. It was adapted 
from a scheme intended to purify 
low grade aluminum (high in iron, 
silicon and titanium) produced by 
thermal reduction: Reclaimed 
scrap was melted with enough mag- 
nesium to bring its content up to 
30%, the melt cooled to within the 
mushy range, and held steady while 
intermetallic compounds of iron, 
silicon and manganese crystallized 
out. This suspension of crystals 
was then transferred hot to a bed of 
crushed basalt and filtered. Next, 
the zine and magnesium in the fil- 
trate were distilled off (under 
hydrogen at pressure). The residual 
molten aluminum contained all the 
copper and nickel of the original 
charge, and in practice the Beck 
process was utilized only for about 


Vetal Progress; Page 1238 


one-third of the scrap ingot pro- 
duced at a given center, the remain- 
der being mixed with the “purified” 
material to bring its contents of 
iron and silicon within engineering 
specifications. 

A little impure ingot was being 
refined in the three-layer cell used 
to produce 99.99+ ingot by re-elec- 
trolysis of commercial ingot. The 
drawback of this scheme was that 
the impurities built up in the bot- 
tom layer at too high a rate, and 
that the magnesium in the metal 
being refined passed rapidly into 
the intermediate electrolyte layer 
and contaminated it beyond endur- 
ance. 

The third process by which a 
little aluminum was_ purified 
seemed to be one that would involve 
the maximum of production diffi- 
culties. Impure aluminum was 
amalgamated with mercury at 1100" 
F., the solid residue (iron, silicon, 
and titanium and their compounds) 
filtered out, and aluminum recov- 
ered from the amalgam by distilling 
off the mercury. Post-heating of 
the aluminum at 1300° F. removed 
mercury down to spectroscopic 
traces. By this process iron, man- 
ganese, silicon, titanium and nicke! 
were almost completely eliminated: 
magnesium, tin, lead and zine wert 
partly eliminated; but copper was 
untouched. The process required 
apparatus that was pressure-tight 
to prevent escape of mercury and 
also so devised as to exclude abso 
lutely all oxygen during the filte: 
ing and distillation stages 
obviously quite difficult requi 
ments to meet. 3 





HANNIBAL’S FROZEN ASSET 


The fomans smugly thought the icy barrier of the Alps im- 
possible. But Hannibal turned the paralyzing cold to his 
odvontage. He had water poured into the crevices of road- 
blocking boulders. The expansion of the freezing water “made 
little ones out of big ones’ — and another road led to Rome. 
Low temperature, which worked to Hannibal's advantage, 
is a distinct disadvantage to operating machinery. Under 
low temperature conditions, some steels that may perform 


perfectly at ordinary temperatures, develop unsuspected 
weakness. There is always danger of a parts failure 
under such conditions. 

One way to assure good performance at low temperatures 
is to specify molybdenum steels. Good hardenability plus 
freedom from temper brittleness give them good low tem- 
perature impact strength. They are a precaution it pays not 
to ignore. Practical working data are available on request. 


MOLYBDIC OXIDE—BRIQUETTED OR CANNED @© FERROMOLYBDENUM @ “CALCIUM MOLYBDATE” 
CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 


“WOE. 


pany 
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Personals 


SPEED UP CLEANING TIME — | 


©, recently returned from the P» 


wg ig ae cific, is now on terminal leave from 
the Navy. He was formerly e)))- 
+ ployed by Worthington Pump and 

dg 


Machinery Corp. at the Holyoke 
Plant Ordnance Division as met 
lurgist and chief radiographer. 


BLAKE D. MILts, Jr. @, has been 
released from active duty in th 
Navy, where he served as chief of 
the gun design subsection with the 
rank of commander, and has been 
appointed as associate professor of 
mechanical engineering at the Uni 
versily of Washington. 


RicHarp J. TATOUSEK @ has 
been placed on inactive duty in the 
U. S. Naval Reserve and is now 
associated with the metallurgical 
department of the Inland Steel Co., 
East Chicago, Ind., as a metallurgi- 
cal inspector. 


Cuarves O. HERB, associate edi 
tor and managing editor of Machin- 
ery for 27 years, has been appointed 
editor, replacing Ertk Operc, who 
has retired after 40 years on the 
editorial staff. 


Joun M. Parks @, for the past 
year editor of technical books for 
the American Society for Metals, 
has resigned to become superviso! 
of welding research at Armour Re- 
search Foundation, Chicago. 


TO MEET PRODUCTION REQUIREMENTS ng en ge 


director of metallurgical research 
of the Climax Molybdenum Co., has 
been appointed division enginee! 
ment, requires specialized engineering. They are designed to do in charge of metallurgical research, 
and will be assigned to the research 
unit of the Johns Hopkins Univer- 
money in ANY production set-up. Plain talk? Yes, but it’s the basis sity, applied physics laboratory, 
Silver Spring, Md. 


The development of Detrex washers, like all industrial equip- 
a faster and more thorough job of cleaning—a factor that saves 


on which successful manufacturers compute their profits! 


. RopertT R. RAwstTrRON @ has 
Included in the refinements recently developed are all- heen aumeinted manaser at Ge 


welded header lines insuring improved pump performance, quick- Delisle Machine Co., New Hartford, 
Conn. He was formerly with th 


opening access and cleanout doors, chip baskets and screens to Norton Co. and Worcester Tape! 
cut maintenance time, controlled flexible spray patterns that Pin Co. of Worcester, Mass. 


assure complete coverage. These, and many more features com- ArcHIigE L. Watters @ has 
P P 2.8 P joined the staff of Battelle Institute 
bine with DETREX SERVICE—requisites of SUPERIOR metal cleaning. oad GU teh ditinted te wud: © 
the steel processing division. le 


was formerly metallurgist with 


to fit many special requirements. Call a Detrex representative International Harvester Co., Spring 
field, Ohio. 


This new line of washers is available in many standard sizes 





today or write to the address below. 

J. M. G. FuttMAn @ has retired 
as general design engineer 
National Electric Products Co! 

D E T R 3 > 4 after 33 years of service, with mo 

si than a third of this time as wo! 
2 manager of the Ambridge, P 
plant. 


DETROIT 32, MICHIGAN 
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VERTICAL 
STRIP 
ANNEALING 
FURNACES 








Drever Vertical Strip Furnaces. The furnace on the left handles three 8” strips up to five 5” strips, in gauges from .005” to .050” of non- 
ferrous materials. The new furnace on the right accommodates seven 5” strips up to three 12” strips. Note the bright, shiny finish of the 


stock coming off the recoiler ready for shipment. 


Versatility and Flexibility of Production—Ferrous and 
Non-ferrous strip annealed in wide range of gauges 
... Minimum cycle adjustments . . . Rush and trial 
orders processed quickly . . . Single or multiple strips 
... Capacity from pounds to tons per hour. 


High Quality Bright or Open Anneal—Absolutely 


clean and uniform anneal... Previous degreasing 
usually unnecessary, however degreasing and clean- 
ing can be part of the line . . . Design features elim- 


inate scratching, marking, gouging, abrading and 
other surface defects. 

Minimum Floor and Storage Space—Vertical design 
greatly reduces area of furnace . . . Continuous pro- 
duction eliminates investment in stored materials 
and storage space. 


INCREASE PRODUCTION 
IMPROVE QUALITY 


Economical, Efficient Operation—Automatic temper- 
ature and line control reduces operating labor costs. 
The compact design of the furnaces, including entry 
and exit seals, effects a decided fuel savings and 
minimizes the amount of atmosphere gas consumed. 
Together the two furnaces illustrated use only 250 to 
300 CFH of atmosphere gas. The ideal annealing 
atmosphere used is supplied by the DREVER AM- 
MONIA DISSOCIATOR. 


The Drever Engineering Staff will be pleased to 
discuss with you the inherent advantages of these 
and other furnaces as they may apply to your spe- 
cific requirements. 





790 E. VENANGO ST., PHILA. 34, PENNA. 


PRESSURE QUENCHES ATCONTINUOUS FURNACE LINES HEAT TREATING FURNACES 


NEW YORK & NEW ENGLAND—GERALD 8. DUFF, 68 CLINTON AVE., NEWARK 5, N. J. 
W. PENNA., W. N. Y. and OHIO —H. C. BOSTWICK, 3277 KENMORE RD., CLEVELAND 22, OHIO 
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Personals 


FRANCES H. CLrark @ 5 
resigned as metallurgist of ‘hy 
Western Union Co. to join the ff 


of the A.R.D. Corp., New York. 


E. J. WALKER ©, recently :- 
charged from the Army after sery- 
ing at Oak Ridge, Tenn., on the 
Manhattan Project, is now 
ployed by the Aluminum Co. of 
America at the Garwood, N. J.. die 
casting plant. 


GEORGE Espey @&, formerly s 
ior research assistant in the depart- 
ment of metallurgical engineering. 
Case School of Applied Science. 
Cleveland, is now with the Lee 
Wilson Engineering Co., Cleveland. 
as metallurgical engineer. 





The Alloy Casting Co., Cham- 
paign, Ill., announces the appoint- 
ment of A. C. Woo.LLtey ©&, of the 
Woolley Instrument Service Co., 
Portland, Ore., as northwestern 


Longer Life 
High 
Temperature 
Fan 


representative for stainless — steel! 
and heat resistant castings. 


C. T. O’CoNNELL @ has estab- 
lished his own cemented carbide 
tool engineering firm in Asheville, 
N. C. He will specialize in all 
phases of tool carbide problems as 
well as representing Kennametal, 
Inc., Latrobe, Pa. 





Epwarp F, and Epwin A. Strack 


Designed especially for handling hot gases or products of combus- , 
z GS, twin brothers and graduate 


tion where temperature requirements range from as high as 1800° es 
ae ; i : : ‘ : chemical engineers, have become 
Fahr., Michiana Fans provide long-life continuous operating per- connected with the same industry. 
formance. The consistent uniformity of product, and improved output Edward is technical sales represent- 
: : : : ative * MacDermi *., In th 
effected are well worth investigating now. itive for MacDermid, Inc., in th 
eer . Michi ‘ ab Chicago territory, while Edwin, 
Michiana Fans of Michiana Heat-Resistant Alloys can again be after being released from the Army, 
produced, engineered to fit temperature and load requirements in has joined the Udylite Corp., also 


capacities from 400 cu. ft. of air per minute. in the Chicago area. 


A. VERNE JACKSON, formerly 


For Special Applications project engineer for Chevrolet Mo- 
These fans, because of their design and construction, can be manu- tor Co., has joined the Muskegon 
if cabs rT d th d , £ Piston Ring Co. as sales represent- 
factured from any castable alloy and thus meet a wide variety o sie ten tee Matraih sian 
special requirements. For example, where abrasion is a factor, an ‘ << w @. U.s.% 
: , . ; : “~ “APT. R. K. Wetis @, U. S. .., 
abrasion-resistant alloy may be used; where resistance to corrosion has recently been transferred from 
is required—cast stainless steel may be employed. Thus MICHIANA Terminal Island. Calif., and is now 


FANS can be made of materials that cannot be produced in rolled industrial manager, 8th Naval Dis 
trict, with offices at New Orleans. 


form. 
Our engineers are ready to make practical suggestions. Rosert B. Smock @ has been 


MICHIANA PRODUCTS CORPORATION, Michigan City, Ind. promoted to physicist P-2 in Avia- 


tion Ordnance Dept. of Naval Prov- 
ing Ground, Dahlgren, Va. 









MOY Maa e., 7 
Ans RAT Yes | A. Puitip BuNK @, former!) 
associate welding engineer at New 
rite for New : . : : 
w alge: j York Navy Yard, is now research 


n 


engineer in the electrode divisi 
of the Metal and Thermit Corp. in 
the research and development lab- 
oratory in Woodbridge, N. J. 


HIGH TEMPERATURE Bulletin 645 


FANS 
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Motallurgists 


This booklet gives complete data on 
spectrographic plates dnd films... 
guides your selection . ., shows 
proper methods of storing, handling, 
and processing. 


VINCE PHOTOGRAPHY plays such an important role in 
S spectroscopy .. . since photographic technic con- 
trols the usefulness of so much of the data you obtain 
... you will want a copy of this authoritative, fact-filled 
tree booklet. 


In addition to sections devoted to the properties of 
plates and films . . . to chapters giving detailed instruc- 
tions for handling, storing, and processing photographic 
materials . . . this booklet contains a data section with 


graphic and tabular information on every type of plate 


Spectroscopy 


.-. another important 
function of photography 










\ 
, 
Recall 
-; 


or film recommended for use in modern industrial 
spectroscopy. 
Write for your copy of “Kodak Materials for Spec- 
trum Analysis.” It’s free. 
EASTMAN KODAK COMPANY 
Industrial Photographic Division, Rochester 4, N. Y. 


-———-—Mail this coupon for your FREE copy-———-—-—-—-— 


EASTMAN KODAK COMPANY 
Rochester 4, New York 


Please send me a copy of “Kodak Materials for Spectrum Analysis.” 


Name____ 

Company Dept. 
Address 

Cnn State 























Improvements in 
LATEST MODELS 


1. Elevating Screw now made of Stainless Steel 

2. Ball Chuck now made of Stainless Steel 

3. Plunger Rod Base now made of Stainless Steel 

4. Stem of Plunger Rod now Hardened and Ground 
5. Testing Head and Dial now Totally Enclosed 

6. Penetrator Clamp Screw now an Automatic Clamp 
7. All Operation Controls now Bunched Together 

8. Dial of Gauge now has Zerominder Scale for Speed 


9. Finish now Greatly Improved over War Times 


Most used testers of our make lack all of these 9 improvements. All 
except those made recently lack many of them. 


WILSON MECHANICAL INSTRUMENT CO., INC. 


AN ASSO ATE MPANY FF AMER AN HAIN & ABLE ¢ MPANY N 





Ww VY 367 CONCORD AVE., NEW YORK 54, N. Y. 
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Personals 


Frep C. ZIESENHEIM has beep 
named sales manager of the plastics 
and die casting machinery division 
of the Hydraulic Press Mfg. Co., \t. 
Gilead, Ohio. 


The retirement of JoHN Jonwn- 
STON @, director of the Research 
Laboratory of United States Steel 
Corp., has been announced. He has 
been succeeded by J. B. Austin 6, 
formerly assistant director since 
1928. Dr. Johnston, who has been 
engaged in many phases of research 
since his connection with the Mass- 
achusetts Institute of Technology 
in 1907, plans to spend his retire- 
ment in Maine. 


THEODORE E. Hack @ has dis- 
carded his military title and is now 
associated with National Smelting 
Co., Cuyahoga Hts., Ohio, as_pro- 
duction metallurgist. 


S. J. Broperick @ has announced 
his new connection with the De- 
partment of Commerce as a techni- 
cal consultant for duty in Germany. 


Tuomas F. Mrka @, formerly 
research chemist and metallurgist 
for the Victor Mfg. & Gasket Co., 
Chicago, is now with the market 
development division of the Shell 
Co. in Emeryville, Calif. 


ARTHUR W. FRANK @, formerly 
district manager, Hevi Duty Elec- 
tric Co., Chicago office, has been 
appointed director of research with 
headquarters in Milwaukee. Law- 
RENCE S. TILDEN @, formerly assist- 
ant district manager, will succeed 
Mr. Frank as district manager in 
Chicago. 


The Wheelco Instruments Co., 
Chicago, has appointed Joun E. 
ANDERSON @ to direct a new dis- 
trict sales and service office in In- 
dianapolis. 


George W. KuracHek @, for- 
merly foundry metzllurgist with 
the Wright Aeronautical Corp., is 
now connected with the Castalloy 
Co., Inc., Cambridge, Mass., as 
assistant foundry superintendent. 


Carpenter Steel Co. announces 
the appointment of Cari O. Erickt 
@ as district manager of the Detroit 
territory. He has been with the 
company as sales engineer since 


1934. 


A. J. NorDENSON @ is now asso- 
ciated with J. T. Thorpe, Inc., 10s 
Angeles, handling engineering d 
sales. 





















HERES NEWS THAT MAY SAVE 
YOU THOUSANDS OF DOLLARS 
ON YOUR METAL JOINING/ 





NEW LOW BRAZING TEMPERATURES 
and NEW LOW SILVER CONTENTS... 


are the big features of these new alloys that will put many metal joining 
jobs on a new low-cost basis. They save time, save heat, save man- 
hours and reduce alloy expense. Start these savings in your production 
now ... LOW TEMPERATURE BRAZING NEWS NO. 36 gives you the facts. 
Write for a copy—today. 


HAN D Y & HARMAN 


82 FULTON ST NEW YORK 7, ! 
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Positive Protection 
For Painted Metal Surfaces 


ACP phosphate coatings produce an excellent paint-bonding 
surface on metal parts and provide a foundation for a lustrous 
and lasting finish. There are various types depending on the 
kind of metal, its condition and the purpose for which it is to 
be used as well as the equipment facilities of the manufacturer. 
Some of these phosphate coatings are briefly described. 


Cold SPRAY-GRANODINE in a short spray time forms a 
uniform, smooth, zinc phosphate coating —a superior base for 
lustrous, enduring paint finish. Cold Spray-Granodine is of 
special interest to fabricators of automobile bodies, fenders, 
refrigerators, cabinets and in general for proper preparation 
of sheet steel products for durable, lustrous finishes. 


DURIDINE simultaneously cleans and deposits a thin, tight, 
close-grained phosphate coating on ferrous surfaces which pro- 
vide the proper surface preparation for durable paint finish. 
The Duridine process is simple, economical and effective. Pres- 
ent spray washer installations of mild steel are adequate. 


THERMOIL-GRANODINE used in an immersion process cre- 
ates on steel an oil-absorbing, paint-bonding, crystalline coat- 
ing of iron and manganese phosphate, integrated with the base 
metal. Treated surfaces, when oiled or painted, provide excel- 
lent protection against rust. Thermoil-Granodine furnishes ex- 
cellent rust protection for tools, nuts, bolts and unpainted 
replacement machine parts. 


Years of actual experience in the metal cleaning field 
have enabled ACP to develop chemicals and proc- 
esses which are giving maximum results in cleanin 

and surface preparation for paint for varied types o 
metal and under varying conditions. ACP Techni- 
cians have had many years’ experience in this field 
and will gladly consult with you and recommend the 
ACP products and processes which will most effec- 
tively and economically meet your requirements. 


PENNA. 


AMERICAN CH ies PAINT CO. 


AMBLER 
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Personals 


The Acid Open Hearth Res, 
Association has elected as offi 
for the following year: - 
NIcHOLs, American Locomotiv: fe. 
president; Francis B. Fotey & Che 
Midvale Co., vice-president; F. (, T. 
DANIELS &, Mackintosh-Hemphil] 
Co., secretary; A. R. ALTMAN ©, 
Heppenstall Co., treasurer; and G. 
R. Frrrenen &, University of Pitts. 
burgh, director of research. 


The Micro-Ferrocart Products 
Division of Maguire Industries, Ine., 
Stamford, Conn., announces the ap- 
pointments of THEoporE K. Davis as 
works manager; JOHN POLONETz as 
chief engineer; E. RaAyMonp Enc- 
STRAND as chief metallurgist; and 
KENNETH M. GLeEzzer @, as general 
sales manager. 


CLARENCE JOHNSON @ has es- 
tablished an office in Beloit, Wis., as 
a consultant on research, inventions 
and engineering developments. For 
the past 18 years he was research 
engineer at Bailey Meter Co., Cleve- 
land. 


Davip G. PETIGREW @ has been 
transferred from the Ball branch to 
the Philadelphia branch of the 
Whitehead Metal Products Co. as 
sales manager. 


DonaLp A. Porren &, discharged 
from the Navy in February, has 
been appointed research and devel- 
opment engineer for Universal 
Castings Corp., Chicago. During the 
war he did research in the Division 
of Physical Metallurgy at the Naval 
Research Laboratory, Washington, 
D.C. 


JosepH N. Perers @ has been 
named manager of the carbide and 
cast alloy division of the Jessop 
Steel Co., Washington, Pa. 


W. H. Brannot ©, formerly 
manager of the materials engineer- 
ing department, has been appointed 
manager of the new Westinghouse 
special products engineering 
department. 


The appointment of Henry A 
MULLEN @ as manager of resistance 
welding sales has been announced 
by Ampco Metal, Inc. He was 
previously connected with the 
Ford Motor Co. at Willow Run as 
welding engineer. 


Roserr W. Mason, Jr. @, for- 
merly associated with the Lithium 
Co., Newark, N. J., has joined the 
development and research division 
of International Nickel Co., Inc. 
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(8 Years P 


WHY MICROCAST IS THE LEADER 


Fighteen years ago Austenal Laboratories origi- 
nated the MICROCAST PROCESS for precision 
casting of intricate dental appliances to close 
tolerances using Vitallium*. In 1936, produc- 
tion on surgical appliances and jewelry special- 
ties was pioneered by Austenal—another contri- 
bution by MICROCAST 


Another significant development was the appli- 
cation of the MICROCAST PROCESS to the pro- 
duction of turbo-supercharger blades which 
were produced by the millions during the 
war period. 


[his pioneering record of achievement is the 
reason why manufacturers are looking to Auste- 
nal and the MICROCAST PROCESS for the practi- 
cal solution to intricate casting problems where 
close tolerances and high production are impor- 
tant. Perhaps this experience can help you, too. 










ision Casting Experience 


She 
TRADE MARK 


for Genutne 
High Precision 
CASTINGS 


INDUSTRIES NOW USING MICROCAST 


Austenal is now producing quantity 
castings from a fraction of an ounce 
up to a pound for the following in- 
dustries: Aircraft, Automotive, Boule 
Cap, Business Machine, Dairy, Elec- 
trical, Hearing Aid, Heating, Phono 
graph, Photographic, Printing, 
Radio and Sewing Machine 


More complete information on MICROCAST is contained in a new 
book/et published by the Austenal Laboratories, Inc., originators of 
the MICROCAST PROCESS. Thi volvable new booklet is fully 
ilestrated and describes many industrial applications for MICRO 
CASTINGS as well as giving a step by sep description of the 
process itself. Write for your copy todey 


AUSTENAL LABORATORIES, inc. 


224 East 39th Street, New York 16, New York 
5932 South Wentworth Ave., Chicago 21, Illinois 
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WARREN 


PROPANE-BUTANE 


Delivers Your Year Round Requirements 


Years ago industry employed Liquefied Petroleum Gas 
primarily as stand-by insurance against city gas failure or 
interruption of supply often caused during peak load months. 
But today. industrial plants are converting to economical, 
dependable Liquefied Petroleum Gas. No longer is their pro- 
duction hindered by interruption or short fuel supply. The 
dependable and economical source of LP-Gas supply today 


is Warren. Contact your nearest Warren Office today. 


WARREN PETROLEUM CORPORATION 
TULSA, OKLAHOMA 
Detroit Mobile Houston 





“alls Brand” Alloys 


‘“‘"FALLS’’ SPECIAL PATTERN ALUMINUM 


Better castings result when ‘“*FALLS” SPECIAL 
PATTERN ALUMINUM is used: 
..- more fluid than other aluminum alloys, it will 
run thin sections more readily. 


.. “top shrinkage” is eliminated — no soldering to 
build up depressed areas. 

. - Since heavy gates and risers are not needed, much 
extra casting expense is eliminated. 


. with only a trifle less linear shrinkage than other 
aluminum alloys, no change in the pattern scale 
for running No. 12 Alloy is needed. 


. checking is rarely encountered. 


WRITE FOR COMPLETE DETAILS 


NIAGARA FALLS SMELTING & REFINING DIVISION 


BUFFALO 17, NEW YORK 
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Electrolytic 
Manganese* 


(THESE TESTS in cooperation 

with industry are part of the 
Bureau of Mines program of inves- 
tigations of methods of utilizing 
low-grade domestic manganese 
ores. The primary purpose of the 
cooperative tests at Atlas Stee] 
Casting Co. was to investigate the 
usability of electrolytic manganese 
in the manufacture of low-carbon 
and medium-carbon steels with 
moderate manganese contents and 
to determine whether any modifica- 
tions in melting practice would be 
necessary. 

The inability to remove phos- 
phorus in the acid practice makes 
the use of phosphorus-free electro- 
lytic manganese desirable. On the 
basis of eight acid openhearth and 
seven acid electric heats made with 
electrolytic manganese, it was con- 
cluded that electrolytic manganese 
is entirely acceptable. The man- 
ganese recoveries from additions 
in the ladle for openhearth heats 
and either in the ladle or on top of 
the slag for electric heats were at 
least as good for the electrolytic 
manganese as for the normal ferro- 
manganese. No adverse effects were 
observed in the heats to which 
large ladle additions of electrolytic 
manganese were made. There was 
no evidence of undue chilling or 
manganese segregation. Electrolytic 
manganese can be added to the 
ladle in larger quantities than 
ferromanganese. 

Heats blocked at the usual car- 
bon content require additions of 
pig iron to recarburize that would 
not be needed if ferromanganese 
were used; regular use of electro- 
lytic manganese probably would 
result in the melter blocking the 
heat at higher carbon. Reboiling 
caused by the late pig iron addi- 
tion may contribute to better qual- 
ity in some instances. The steel 
made with electrolytic manganese 
was no cleaner than the usual steel, 
but the mechanical properties wert 
better. 

Two acid electric heats of car- 
bon steel and one of low-alloy sice! 
at Detroit Steel Casting Co. In 
which ladle additions of electro 
lytic manganese were made showed 
no marked difference (To p. 1206 


*Abstracted from “Electrolytic 
Manganese in Acid Steel Tests at Atlas 
Steel Casting Co. and the Detroit S'ee! 
Casting Co.”, by R. T. C. Rasmussen 
Bureau of Mines, R. I. 3830, November 
1945. 
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“with GULF CUT-AID 








we get greater production, 


longer tool life, better finishes 






The Department Foreman (right) consults with a Gulf Lubri- 
cation Engineer on the performance of Gulf Cut-Aid in ma- 
chining a brass part. (Photos courtesy of the Corbin Screu 
Division of American Hardware Corporation.) 


‘“TJRODUCTION of intricate brass parts on our 
six-spindle automatics jumped 17 per cent 
after we switched to Gulf Cut-Aid,” says this 
Department Foreman. “In addition, Cut-Aid 
keeps the tools and work much cooler, helps us get 
better finishes, longer tool life, and maintain 
closer tolerances.” 
This experience is typical of hundreds reported 





Gulf Quality Cutting Oils 


| Gulf Lasupar Cutting Oils A, B, and C 
| Gulf Electro Cutting Oils A, B, and C 
Gulf M-L Cutting Oils A, B, and C 

Gulf C st-Aid 
| Gulf Cutx B 
| Gulf L. S. Cutting Base A and B 











by shops that use Gulf Cut-Aid for machining 
nonferrous metals. For this revolutionary cutting 
oil consistently shows better results on this type. 





of work! 

It will pay every machine shop to investigate 
the full possibilities of Gulf Cut-Aid and other 
Gulf production-proven cutting oils. Call in a 
Gulf Lubrication Engineer today and let him 
show you how they can help you improve your 
machining practice. Write, wire, or phone your 
nearest Gulf office. 


Gulf Oil Corporation - Gulf Refining Company 


Division Sales Offices: 
Boston New York - Philadelphia 
Pittsburgh - Atlanta - New Orleans 


Houston ~ Lovisville Toledo 


LUBRICATION 
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@ Especially designed for the melting of finely divided 


aluminum alloy particles like turnings, chips and un- 
baled foil, this furnace is operated on the twin coil 
induction principle. Oxidation losses are reduced 
considerably and yields of 95% to 96% of the dry 
weight of the charge are obtained with this unit, in 
view of the rapid melting and the low temperature pre- 
vailing in the hearth during the melting operation. 
These units promise large savings in the recovery of 
aluminum alloy scrap of all kinds, in addition to all 
the other advantages of induction melting. 


AJAX ENGINEERING CORPORATION 


AX 


TAMA-WYATT —— 


Trenton 7, New Jersey 


INDUCTION MELTING FURNACE 


Associate Companes; AJAX METAL COMPANY, Non Ferrous ingot Metals and Mloys tor Foundry the 
AJAX ELECTRO WC CORP. has Rertrwy Heh Frequency induce Furnaces 
AJAX ELECTRIC CO., INC., The Ajax Hultgren Electric Sot Gath fornece 
AJAX ELECTRIC FURNACE CORP., Aax-Wyatt inductor Furnaces for Methng 
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Aircraft Engines’ 


AS FAR AS materials used i: r- 
‘ craft engines are concerned. 
the issue rests between steel d 
aluminum. The copper alloys are 
used only in certain special appli- 
cations, and magnesium, despite 
heroic efforts, has not gained real] 
ground for some years. 

Pistons Wrought aluminum 
pistons are universal in high power 
units. Y alloy and RR59 are used 
in England, but some American 
and German pistons have been 
made in the heat treatable high 
silicon alloys. Excellent cast pis- 
tons can be made but the modern 
pressed piston offers the reliability 
and uniformity of forgings com- 
bined with closer tolerances than 
castings. Strength at temperature 
is necessary in the crown but cold 
strength is required in other parts. 
Pistons almost never fail in the 
crown but rather by pulling the 
bosses away from the crown. The 
best treatment is to quench the pis- 
ton in boiling water to minimize 
internal stress or design the piston 
so that stresses in service are 
equalized as much as possible. The 
piston should also be stressed on 
the elastic limits up to 480° F., the 
temperature about halfway down 
the skirt. 

Cylinder Heads-—— The hottest 
spot of cylinder heads is the nar- 
row neck between exhaust and 
inlet. Actual failures do not occur 
here but the alloy creeps readily so 
gas leak can take place behind the 
valve seat. The cylinder head is so 
complex that a fully heat treated 
head is full of internal stress. The 
head can be air cooled from the 
solution treatment or even fully 
annealed, since the effect of heat 
gradients is far less serious than 
with the piston. The problem of 
joining an aluminum head to the 
steel barrel has not yet been satis 
factorily solved. Forged heads aré 
definitely superior to cast heads 
Y alloy resists the cumulative sol 
tening and diffusion slightly better 
than does RR59. 

Crankcases In air cooled 
engines, crankcases are made fro! 
drop forged or pressed Y, RR56 o: 
duralumin-type alloys. Forged 
high-strength aluminum crankcases 
indicate the danger of internal 
stress. Fully quenched and aged 
RR56 caused an (Cont. on p. 126! 

* Abstracted from “Aircraft Engin: 
Application and Possible Developmen! 
of Nonferrous Metals”, by E. Wood 


Metal Industry, Dec. 28, 1945, p. 435 
439. 
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Effect of Residual Stress on Fatigue” 

















A QUENCH from the solution treat- reheat treated by quenching into Rotating cantilever te: n 
f ment temperature was utilized water at room temperature. Speci- notched tubular specime: if 
to produce residual stresses in alu- mens in condition C were machined B.S.S.5T4 (a duralumin-type) were 
minum alloys, which were then to diameter, reheat treated by made in five conditions with the 
submitted to fatigue tests. The quenching into water at room tem- following stress ranges: 
experiments were made on two perature, and then notched. Condition A—Heat treated 
forged alloys of the duralumin type No measurements of residual only: +9630 psi. 
(D.T.D.150 and B.S.S.L45) and one stress were made, but from the lit- Condition B— Heat treated and 
cast alloy containing 4% copper erature it may be assumed to be subjected to a heavy sinking pass: 
(D.T.D.298). Results of rotating several thousand pounds per square +5375 psi. 
cantilever fatigue tests at 50,000,000 inch. The stresses had little effect Condition C — Same as B, then 
cycles are given in the table. on the fatigue strength of plain stretched about “%% and reeled: 
Range of Stress in Fatigue Tests +6270 psi. 
Condition D Same as A, then 
Conditi DTD "Bae L45 D.T.D.298 NS SH: SISee gel 
Pen mn ll + 23,070 psi. + 21,950 psi. + 11,200 psi. Condition E- - Same as B, then 
B—residual stress + 21,950 + 21,950 + 13,440 stretched 2%: +6720 psi. 
Notched Specimens Splitting tests showed a fairly 
ee + aa + Bn — longitudinal compression on 
—res raf, © iv, the outside and a _ correspondin 
C—residual stress + 15,905 + 13,890 tension inside in condition Q we 
; we ; ; dition B gave high tensile stresses 
Specimens in condition A had specimens of wrought material, but on the outside and compression on 
been quenched in bulk in hot water on the specimens with annular the inside. Condition C showed 
and it was assumed that the notches, increases were obtained of that the stresses (Cont. on p. 1256) 
residual stresses were negligible up to 80% above the strength of the — 
since the machining of the test material not containing residual *Abstracted from “Some Experi- 
2 a 3 f g cae “or agen ments on the Effects of Residual 
pieces involved the removal of con- stresses. Plain specimens of the Stresses on the Fatigue of Aluminum 
siderable material. Specimens in sand-cast material showed a 20% Alloys”, by G. Forrest. Journal of the 
condition B were machined, then increase due to residual stresses. Institute of Metals, V. 72, 1946, p. 1-17 





— for Lead, Salt Cyanide, Oil Tempering and Metal Melting 


oe | Low first cost; low pot hour cost te Considerably higher thermal conduc- 
tivity than alloy pots. 


de Absol f f defects. 
2 beolute freedom from defects ce b Very appreciable savings in fuel. 


a 3 No grain growth at red heat ~ 9 Quicker, more uniform heating 


of bath. 
Practically immune to action of lead, 


- 4 cyanide, etc. »>10 Substantially increased production 


in a given day. 


‘ 5 Dependable, long life from every pot ] 1 High strensth ot elevated 


— no sudden, premature foiluces 
<= temperatures. 


a o Weigh only 50% as much as average o> | y Thin, uniform and straight side walls 


cast pot of equal capacity. offer increased capacity. 
3 


Eclipse Pressed Steel Pots offer the most de- 
pendable service PLUS reduced working costs, 
for practically all heat treating operations 
below 1650 deg. F. (and some higher), as 
well as for the melting of the lead base alloys. 





Write for illustrated Bulletin N-1, 
showing various shapes, standard sizes 
and other details. 





Representatives in all principal cities. 
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VW/hen Production Planning Sheet 
‘EE Metal Goods 


5 REMEMBER.. 


Federal Welders 
Raise Standards of 
Metal Fabrication... 
In Small Shop or 


Large Plant 
@ 






The business of making things from metal has 
come a long way since the days when everything 
from rainspouts to refrigerator liners was roll-seamed 
and soldered, not too many at a time, by craftsmen 
known (with all due respect) as ‘“Tin Knockers’’. 
Today Federal Spot Welders play a big role in 
making Metal Fabricators out of such craftsmen. 
In the smallest shops...the largest plant... 
Federal Spot Welders are speeding and improving 
fabrication of tremendous tonnages of metal. 
Variety of production is from small “tack on’’ jobs, 
accomplished with amazing speed, to assembly of full- 
size cabinets, lockers, boxes or what have you. Cuts 
in costs and “‘ups’’ in production are the rewards 
in each application. Try it on YOUR fabrication. 








™) 
| FOR SPECIAL DELIVERY | 
| Current production permits early shipments 
One of a line of Federals in a large scale job ee hig sheave 
shop making “anything” from sheet metal. | : Sara Poors Relat, 
‘= » 


A. MACHINE AND WELDER CO. 


er and Adems Co., Cleveland—SPECIAL HIGH PRECISION MACHINES 
on City Mfg. Ce. Werren—HEAVY WELOMENT-HEAVY MACHINERY 





maitcet 


December, 1946; Page 1255 














stretching and reeling. Stretching 
2% reduced the residual stresses 
" , to small dimensions regardless of 
Latest and most complete information On zee the prior condition (conditions pD 
and E). 

The effect of residual compres. 
sive stresses at the root of an 
annular notch was determined by 
preloading an extruded rectangu- 
lar section (B.S.S.6L1) in tension. 
A 100% increase in the rotating 
cantilever fatigue strength was 
obtained by prestressing to a nom- 
inal stress of 56,000 psi. (on the 
area at the root of the notch). 
Range of stress for 50,000,000 cycles 
was +22,400 psi. for plain speci- 
mens, +7840 to +8960 for notched 
specimens, and + 17,920 for notched 
specimens which were preloaded 
in static tension. 

Single spot welds on Alclad 
D.T.D.546A were preloaded in the 
direction of subsequent application 
of the fatigue loads. The fatigue 
strength showed an _ increase of 
50% over that of the original welds 
under fluctuating shear stresses. 

The main conclusion to be 
drawn is that, under the complex 
stress conditions at the root of an 
annular notch, compression stresses 

-whether applied by quenching 
FOR A 3¢ ; , or mechanical action may result 
STAMP ' in an extremely large increase in 


fatigue strength. 


o Residual Stresses 
-_ f (Cont, from p, 1254) due to sinking 
} were considerably modified by 


Elect rolyt ic Manganese 


“Ammonia Installations 


* 9 (Starts on page 1250) in properties, 

for metal treating susceptibility to heat treatment, 
nonmetallic inclusions, or man- 

ganese yield from comparative 
heats in which the manganese addi- 
tion was made in the ladle as fer- 


This new book describes and illustrates in detail ammonia 
supply installations for metal treating. 


This engineering booklet is based upon the wide experience romanganese. Comparison of the 
of the Armour Ammonia Division’s Technical Service Depart- deoxidizing efficiency of the two 
ment. This department is always available to help you with forms of manganese was imposs!- 
ble because of the severe deoxida- 
tion by much more. active 
deoxidizers used to insure sound- 
ness of green sand castings. 
MAIL SE eee ees aa ggtag ee | The mechanical properties were 
similar to those of heats in which 
ferromanganese was used, but the 


your problems. 


Cc oO U P 'e) N ARMOUR AMMONIA WORKS, ARMOUR AND COMPANY 
1357 West 31-t Street, Chicago 9, Illinois 


NOW! electrolytic 


Please send me FREE, your 20 pare Book, “Ammonia showed consistently higher ductil- 
Installations for Metal Treating.” ity and quicker response to heat 
treatment. This higher and more 
Name ----- quickly attained ductility is also 
Firm Name , : reflected in the consistently higher 
quality factor for the electrolytic 
manganese heats and the shorter 
City Zone , : tempering time required for the 
maximum quality factor. 


manganese heats 


Address 
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What’s Right for Round Jobs! 


HICH is the most efficient 
modern technique for forging 
“round jobs’? It can be either, 
mechanical press or upsetter, depend - 
ing on your particular requirements. 
With a wide range of capacities 
in mechanical presses and upsetters, 


TuBE TuRNs is a good mass-produc- 


tion source for these “round jobs.”’ 

Both techniques at TuBE TURNS 
give you forgings—properly held to 
specified tolerances — with metal that 
has gone all the way out to the end 





of the dies, perfect flow lines and 
forged tensile strength throughout. 

TuBE TuRNs’ mechanical presses 
and upsetters are closely coordinated 
under one roof with complete die 
designing, die making, laboratory, 
and rough machining facilities. You 
get a highly desirable continuity of 
effort from start to finish of your job. 

Send your prints for the recom- 
mendations of TuBE TURNS engi- 
neering staff. TusE Turns (Inc.) 
Louisville 1, Kentucky. 





TUBE TURNS : 
FORGINGS : 
FOR INDUSTRY : 


TRICT OFFICES at New York, Washington, D.C., Philadelphia, Pittsburgh, Cleveland, Detroit, Chicago, Houston, San Francisco, Los Angeles 
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CONSULT THESE 
For Exnert Heat Treating 








Long experience and concentrated effort in one field have made the com- 
mercial heat treater the outstanding expert in the heat treatment of ferrous and 
nonferrous metals. 


Many new heat treating techniques and processes are now available to improve 
your product. You will benefit by sending your work to the experts listed at 
the right because they have equipment to give you these advanced heat treating 
methods. Their first-hand experience with the most difficult heat treating require- 
ments assures you top quality production. 


The commercial heat treater is worth knowing—call the one nearest you now. 


THESE SERVICES THESE PRODUCTS 


Aging ... Annealing ... Bright Anneal- Castings... Gears... Forgings... Shafts 
ing... Carburizing . . . Case Hardening ... Springs... Tool Steels . . . Chisels . . 


... Cyaniding .. . Differential Heating... Cold Striking Dies . . . Die Casting Dies 


; ; aie ... Roll Threading Dies . . . Die Blocks 
Drawing . . . Hardening . . . Nitriding aM ; 
and Inserts . . . Press Tools . . . Shear 
ae izi ‘ae thing... Soak- . : ia 
Normatising Quenching oan Blades . . . Rivet Sets . . . Taps and 
ing .. . Straightening . . . Stress Reliev- = [Thread Cutting Tools . . . Plastic Molds 


ing ... Tempering... . . . And Hundreds of Other Products. 


FIRMS 





BOSTON 


CINCINNATI 


The Queen City Stee! Treating Co, 
2978 SPRING GROVE AVE. 
KIRBY 6300 


New England Meteliurgical Corp. 
9 ALGER STREET 
SOUTH BOSTON 3313 


CLEVELAND 


The Lakeside Steel lmprevement Co. 
3418 LAKESIDE AVE. 
HENDERSON 9100 





ad 
» @ 


ELIZABETH, N.J. 


Ameticen Metal Trestment Co. 
= ELIZABETH 8-2t21 


INDIANAPOLIS 


1000 E, MERMAID LANE 
CHestnet Hill 7-3500 


Wiedemenn Machine Co. 
1801.31 SEDGLEY AVE. 
SAGAMORE 3027 


PITTSBURGH 


Dufl-Norton Manutecturing Co. 
P.O. Box 1889, LINDEN 1156 


WORCESTER, MASS. 


Greenmen Stee! Treating Co. 
284 GROVE STREET 
WORCESTER 4-1725 











demanded: RIGID iIT¥ 
plus WEAR-RESISTANCE 


found: in CAM BLANKS 


cast of ABSCO-MEEHANITE 


When service conditions demand rigidity and wear-resistance plus a high 





degree of machinability, castings of Absco-Meehanite have been selected 


after trials in which steel plates and ordinary iron 


performance. 





C scale. 


castings were also tried. They proved themselves in 


In one instance a manufacturer of instrument parts 
made Swiss type screw machine cams from Absco- 
Meehanite cast blanks. In addition to the triple combina- 
tion of qualities mentioned above, the cam blanks had 
to undergo flame hardening without distortion, these 


particular castings being hardened to 53 to 55 Rockwell 


Longer cam wear in close tolerance work is one illustra- 


tion of the benefits that follow Absco-Meehanite’'s close matching of metal 


characteristics to job needs. Discuss your requirements with Absco engineers. 


American Brake Shoe Company, 230 Park Avenue, New York 17, N. 


A 


1. Strength (Shear, 5. Heat Resistance 
Compressive, Tensile 6. Toughness 
and Transverse) 7. Rigidity 
2. Impact Resistance 8. Machinability 
3. Corrosion Resistance 9. Pressure Tightness 
4. Wear Resistance 10. Vibration Absorption 





RAI E SHOE AND CASTINGS DIVISION 


4816 
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High-strength, self-plugging type 
Cherry Blind Rivet. 


a 
& 
2 
< 
Hae is # 
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Here's How 
A CONTROLLED PULL 


... irons out fastening kinks 
2 


_— 










é 






Tight-clinching, pull-through 
hollow type 
Cherry Blind Rivet. 


A CONTROLLED PULL instead of a pound. There's no hammering or bucking 
because Cherry Blind Rivets are installed with a controlled pull from one side of 


the work only. 


A SIMPLE ONE-HAND OPERATION vs. a tough two-man job. Installing a Cherry 
Blind Rivet is a fast, one-hand operation requiring only three simple steps: 
(1) inserting rivet in hole; (2) engaging the rivet; (3) actuating the gun. 


TIGHT, STRONG JOINTS every time . . . because Cherry Rivets have special charac- 
teristics that establish superiority over all other blind fasteners: (1) greater 
shank expansion; (2) greater allowable variance in material thickness for a 
given rivet length. 

THESE VIRTUES are now being applied to the manufacture of railway cars, where 


Cherry Blind Rivets are being used in many applications. A unique war-born 
fastener carves itself another niche by doing the job better and faster. 


MONEL, STEEL, brass and aluminum comprise the Cherry Rivet material classifica- 
tion. There are three types, two head styles, a range of diameters and lengths. 


Get this free Cherry D-45 Manual. Write to Dept. L-194, 
Cherry Rivet Co., 231 Winston St., Los Angeles 13, Calif. 


CHERRY RIVETS. THEIR MANUFACTURE &@ APPLICATION ARE COVERED BY U.S. PATENTS ISSUED & PENDING 
2 as ah iy Te 











“LOS ANGELES 13, CALIFORNIA 
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Aircraft Engines 


(From p. 1252) epidemic of itigue 
failures. The cure was air cooling 
and aging at 390° F. A hetter 
crankcase was obtained although 
the strength as indicated by test 
bars was decreased. Castings are 
used on liquid cooled in-line 
engines because of their shape. Ap 
American engine uses a forged stee} 
crankease; the high strength and 
modulus and adaptability for rigid 
attachments more than compensate 
for the high density. 

Castings Most minor parts are 
made of RR50 alloy with the lower 
stressed parts in D.T.D.424 or 428, 
RR5O is very reliable. Y alloy is 
the best choice where higher 
strength at temperature is required, 
L33 is unsurpassed for “die cast- 
ability” but has low strength. 

Bearings — The author believes 
high-tin alloys have no superior as 
bearing metals. The bearing of the 
future will probably be a sponge or 
a powder compact or a mechanical 
mixture, rather than a: simple cast 
or plated alloy. 

Magnesium The _ outlook for 
magnesium alloys is not as promis- 
ing as it once seemed. Cast alloys 
find some applications for low 
stressed details, but its low creep 
strength and above al) its peculiar 
susceptibility to notches and 
changes in section have led to 
many setbacks. 

Copper The author favors the 
85-5-5-5 copper alloy for smal 
bushes and slip rings. Phosphor 
bronze (chill cast) is superior to 
cold drawn bronze for valve guides. 
Cold drawn or chill cast phosphor 
bronzes are well established for 
bushes and liners. Aluminum or 
aluminum - nickel - iron - manganese 
bronzes are used in limited though 
important applications. 

Test Values In general, far 
too much attention has been paid 
to high test bar properties and 
nowhere enough attention to the 
properties of shapes and structures. 
High proof:ultimate ratios in 
themselves are not necessarily 
good. For example, duralumin is 
the best light alloy for propellers, 
although its proof strength is the 
lowest of the high-strength alloys. 
The newer high-strength alloys 
such as X76S_ give appreciably 
higher fatigue strengths in rotary 
bending but are no better under 
direct tensile compression. Their 
notch sensitivity is higher and 
they are susceptible to small varia- 
tions in composition. Alloys such 
as D.T.D.324 can (Cont. on p. 1262) 
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th Welded Nichrome* Malleablizing Boxes 












to A prominent midwestern malleable foundry wanted properties of the ‘&” Nichrome made possible more effi- 
les. to speed up production of small parts, heat treated in cient heat treatment of the charge and a shorter cycle. Of 
va pusher-type furnaces. To do this, dead load had to be re- squore design, the boxes could be pushed from any side, 
or . . 
a duced and the cycle shortened — without affecting the permitting work on conveyor systems connecting at a 
ese quality of the output. : 90 degree angle. 
igh 
Driver-Harris engineers solved this problem by Remember, only Driver-Harris makes Nichrome* 
far f : : toe “%” . 
_ abricating malleablizing boxes of Ye” welded Nichrome Chromox*, and Cimet*—and only Driver-Harris has hod 
sheet, pinned to trays of cast Chromox. ; ; : 
nd 30 years’ experience in engineering and casting high heat- 
the = , : , 
wi The marked saving in dead weight, made possible resisting, nickel-chrome alloy equipment. Depend on this 
in by the use of light Nichrome sheet, resulted in a propor. “team” to provide an expert solution to your heat-treating 
ty tionate increase in live load—while the high heat-transfer problem. Why not investigate its possibilities, today. 
is 
rs, 
he NICHROME* CHROMAX* CIMET* 
vs. are made only DRIVER-HARRIS DESIGNS, EN- 
vs by GINEERS ond MANUFACTURES oa 
] i complete line of heat-treating equip- 
, y ° ° ment from furnace parts to corburiz- 
ry } 4 / a a Ha } ‘) 4 \ ing retorts and muffles—also over 80 
er . : / } electrical heat and corrosion-resistant 
sir alloys for the Electrical and Elec 
) y 
id ( 0) \] / \ ) ba [ tronic Industries 
a- . ve M ‘ N a Gi The 3 high heat-resisting nickel 
ch HARRISON NJ ee chrome cast D-H alloys NICHROME* 
) ; —CHROMAX*— CIMET*— ore fully 
ANCHI } 4 ‘ ‘ described in this catalog F-40. Write 
: ; enaTSE Httlyg, | fore com 



































The Induction Heating Corporation Engineer 
Talks to Mr. X on Induction Melting 


MR. X .... Your THER-MONIC In- 
duction Heating Equipment is cer- 
tainly adaptable to a wide range of 
heating applications. But suppose the 
size and shape of the work to be 
heated vary considerably. How can 
the same induction heating unit heat 
treat or braze such a variety of parts? 


ENGINEER .... This is done by 
using interchangeable work coils. The 
use of ready-made inserts of the pat- 
ented THER-MONIC “Master Coil” 
Set on a basic master coil greatly fa- 
cilitates changeovers from one opera- 
tion to another. These inserts can be 
built-up to any desired shape or 
thickness to produce an almost un- 
limited range of heat patterns. Set- 
up time is thus reduced to the simple 
selection of inserts best suited to the 
heating problem. With the proper 
work coil installed, a single induction 
heating generator can heat either fer- 
rous or non-ferrous materials rapidly 
and efficiently. 


MR. X .... By the way, I’ve been 
wondering about the application of 
your high-frequency induction heat- 
ing equipment to the field of melting. 
I know that large melting furnaces in 
many steel and brass mills are heated 
by relatively low frequencies. 


ENGINEER . . I was coming to 
that. Melting is one of the oldest and 
largest applications of induction heat- 
ing. As you may know, the induction 
melting furnace is fundamentally a 
transformer, whose primary is the 
work coil, and whose secondary is the 
mass of metal to be melted. Although 
lower frequencies are more economical 
for large melts, there are many in- 
stallations, ranging in melting capac- 
ity from several ounces up to 50 
pounds, which utilize higher frequen- 
cies. High-frequency melting was first 
used in the precious metals field, but 
has found even wider application in 
small runs of tool steels and other 
alloys requiring close temperature 
control and a high degree of purity. 
One of the more recent applications 
of high-frequency heating is in the 
production of precision centrifugal 
castings, where rapid, small-lot melt- 
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ing is necessary. High frequencies 
are also used to best advantage to 


sinter tungsten carbide and process 
other powdered metals. 


MR, X .... What makes the higher 
frequencies so useful in small-lot 
melting? 


ENGINEER ....That’s because of the 
ability of the higher frequencies to 
transfer more energy. A single THER- 
MONIC high-frequency generator can 
provide energy for aseries of crucibles, 
located far from the generator. Where 
ceramic crucibles are used, high-fre- 
quency currents are induced directly 
in the metal, stirring the metal as it 
melts. Metal loss is extremely low. 
A newly developed THER-MONIC 
load-control device permits instanta- 
neous regulation of energy transfer 
into the melt. This load control in- 
creases or decreases the energy input 
into the work. Thus, after the metal 
is melted, energy input into the melt 
can be reduced to hold it at any re- 
quired temperature. Likewise, during 
the melting cycle the load control 
maintains a maximum load by com- 
pensating for the variations occurring 
in loading characteristics of the melt. 
This is particularly effective in melt- 
ing magnetic materials, which lose 
their magnetic properties upon pass- 
ing through the Curie point. 


MR. X .... What is the advantage 
of using a load control after the metal 
loses its magnetic properties? 


ENGINEER .... When melting mag- 
netic materials, it is somewhat diffi- 
cult to transfer energy into the melt 
after the magnetic properties of the 
metal disappear. It is essential then 
to use a load control to compensate 
for this loss of energy transfer. The 
load control is installed in the output 
circuit of high-frequency equipment, 
enabling the current flow to be con- 
trolled and the power into the work 
held at maximum during the entire 
heat cycle. It permits accurate tem- 
perature regulation and greatly 
improves the process for small-lot 
melting. THER-MONIC load control 
really achieves a new high in 
induction-melting efficiency. 


HEATING CORPORATION 


NEW YORK 3,N. Y 
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Aircraft Engines 


(Starts on p. 1252) give hot fatigue 
strength as good as RR56, but the 
creep strength at the same te:iper- 
ature is appreciably lower than 
that of the latter. Magnesium alloys 
on straightforward notched fatigue 
tests do not appear to be as bad in 
notch sensitivity as they do in 
service. 

Future Trends 
pliers should look at metals with 
more open minds. It is possible 
that quenching and aging are not 
the best treatment for aluminum 
alloys. The general superiority of 
steel may be a function of the 
release of macro and micro inter- 
nal stress during tempering. A 
piece of metal should be viewed as 
a structure or shape doing a job 
and the designer should not be mis. 
led by some property of round 
bars. In spite of the work on notch 
sensitivity and triaxial stresses 
much good material is rejected and 
unsuitable material processed 
because of a rigid and unimagina- 
tive interpretation of test bar data. 

More up-to-date metallurgy and 
fundamental research are needed 
For example, why do light alloys 
behave entirely differently i 
fatigue than steel? Mere test ba 
figures and information on special 
properties are not enough if inter- 
nal stresses or notch sensitivity 
lead to dangerous failures. 


Users and sup- 


Aluminum for 
Automobiles* 


(THE PROPERTIES and _ process- 

ing of aluminum and its alloys 
are discussed with particular ref- 
erence to their use in automobiles. 
As far as physical properties are 
concerned, the designer must take 
into account the rather high coefli- 
cient of expansior, the compara- 
tively low elastic properties and 
the low specific gravity. The higher 
ratio of proof to ultimate stress of 
the strong aluminum alloys 
requires a different factor of safety 
from that used for steel. The inher- 
ent resistance to corrosion of 
aluminum and its alloys is consid- 
erably higher than the resistance 
of ordinary steel to rusting. 

Although aluminum and its 
alloys may readily (To page 1266 

*Abstracted from “Aluminum and 
the Automobile Engineer”, by E. G 
West. The Institution of Automobile 
Engineers Journal, V. 14, Jan. 1946, P 
109 to 146. 
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BELOW MARKET _ omic 


NEW “FIXED PRICE” POLICY 
ESTABLISHED ON 31 TYPES OF 
SURPLUS MACHINE TOOLS 


Here is good news indeed for the man who is trying to purchase general 
purpose production tools for replacement, reconversion or new enterprises. 
Now you can go into any of War Assets 33 Regional Offices, any machine 
tool site sale in the United States, or any approved War Assets Administra- 
tion dealer and buy at the same fixed price, everywhere, the tools in these 
31 groups listed at the left. No waiting for complicated figuring of prices, 
checks against priorities or other delaying factors. The tools are available in 
such quantity that your purchase can be cleared on the spot, and immediate 
delivery arranged. 


But even more important is the principle under which the new low prices 
have been set. As the scale at the right indicates each price takes into con- 
sideration your costs of rebuilding the tool to new condition, engineering, 
service, etc. It is set well below the current market price for similar equip- 
ment sold on a full service basis. The differential is approximately 25% 
below market—enough for men with tooling “know-how” to realize a neat 
“extra” profit and at the same time acquire modern machine tools. 


Plan now to check at once the detailed price and specifications list—now 
available in every War Assets Administration office (machine tool sales 
division) and the offices of your approved W.A.A. machine tool dealers. 


FOR DETAILED PRICE CATALOG 
—WRITE, WIRE OR PHONE: 


1. Your Regular Machine Tool Dealer 
War Assets Administration has appointed more than 3,000 
“approved” dealers throughout the U. S. 


iin 2. W.A.A. Machine Tool Sales Division 
loys In any of the 33 War Assets Administration Regional Offices 
ref- listed below. 
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| GOVERNMENT 
4 OWNED 
SURPLUS 


Offices located at: Atlenta + Birmingham 

Besten + Charlotte - Chicage - Ci..cinnati 
Cleveland + Dalles + Denver - Detroit - Fort 
Werth + Helene + Heust + Jock it 
Kenses City, Me. + Little Rock - Les Angeles 





















EXTRA 
PROFIT 
AREA 


For Alert Buyers 
With Tooling 
“Know-How.” 
You can com- 
pletely rebuild 
the tool, meet 
engineering and 
haulage costs and 


still save money. 
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ORIGINAL COST 


DEPRECIATION 
BASED PRIMARILY 
ON TIME 


PREVIOUS 
WK PRICE 




















NISTRATION 


Lovisville - Minneapolis - Nashville - New 
Orteons . New York 
Philedelphic - Portland, Ore. + 
St. lewis + Seltleke City + Sen Antonie 
Sen Frencisce + Seattle +« Spokane - 
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Gives Continued Accuracy, 
Rapid Measurements 


THE CLARK has everything you 
want in a hardness tester—direct 
reading precision dial, durable con- 
struction, ease of servicing. Three 
standard models shipped complete 
with weights, dust protectors, dia- 
mond and steel penetrators, test 


blocks, and anvils. 


CLARKATOR CHECKS DIAL INDICATORS with 
micrometer speed and sine bar ac- 
curacy. Easy to operate—just four 
simple steps. Complete instruc- 


tions, perma- 
nently fas- 
tened to base. 


elimi- 
mates hardness 
tester errors. 
Consists of a mas- 
tec diamond pen- 
etrator and two 
test blocks. Pre- 
cision is assured 
over a long pe- 
riod because the 
set is used only for 
checking. ur- 
nished in leather 
case. 


MASTER DIAMOND 
CHECKING imi 


Learn the truth 
about hardness 
testing! This 20- 
page reference 
manual (right) 
contains infor- 
mation on his- 
tory, theory, prac- 
tice, and equip- 
ment for modern 
hardness testing. 
Available to ex- 
ecutives without 
charge. Write 
Dept. MMS to- 
day! 


CLARK 


INSTRUMENT, INC. 


10200 Ferd Read ° 


Dearborn, Mich. 











Aluminum for Autos 


(Cont. from p. 1262) be fabricated 
and formed by all the usual metal- 
lurgical processes, some of the 
working characteristics may deter- 
mine the design of a component to 
a greater extent than the strength 
or other requirements made neces- 
sary by the known service condi- 
tions. The advantages of low 
weight, high conductivity, good 
resistance to corrosion and _ the 
wide range of forming methods 
available go far toward outweigh- 
ing the principal disadvantage of 
relatively high initial cost. 

There has been a steady devel- 
opment in the use of aluminum for 
power units. The Merlin XX air- 
craft engine uses 45% by weight of 
aluminum. Although automobile 
engines do not use this high pro- 
portion of aluminum, this example 
shows the possibilities. Most alu- 
minum alloy engine components 
are in the form of castings, although 
forged pistons and connecting rods 
are used. Motor cycle engines may 
show more immediate advantages 
resulting from the use of light 
alloys than engines for heavier 
vehicles. Components which have 
been successfully cast in aluminum 
alloys include cylinder head and 
barrel, pistons, carburetor, gear 
box, clutch plate, magneto housing 
and filler cap. Engine components 
must be designed in terms of the 
properties of aluminum rather than 
attempting simple substitution for 
ferrous materials. 

The lack of interest in the use 
of aluminum for motor cars and 
notor cycles is chiefly economic 
(the higher cost of aluminum sheet 
as compared with steel) and partly 
technical —in particular the difli- 
culty in joining body panels 
together. The most satisfactory 
initial step is to use aluminum 
alloys for the doors, luggage lid, 
bonnet top and sides, windscreen 
and windows. Experience abroad 
has shown that aluminum alloys 
are successfully employed for 
engine components, gasoline and 
oil tanks, wheel rims, saddle frame, 
unsprung front fork members, 
steering damper body, mudguards, 
covers, wheel nuts, and accessories. 

In commercial vehicles, design- 
ers and operators both desire to 
reduce vehicle weights in relation 
to pay load. A great deal of alumi- 
num alloy has been used 1n vehicle 
construction on the Continent, par- 
ticularly in France. Three trucks 
were built to carry long lengths of 
aluminum alloy (Cont. on p. 1270) 
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Speedy “Accurate 


CHEMICAL 
ANALYSIS 


... with the Evelyn 
PHOTOELECTRIC COLORIMETER 


For more than ten years this instru- 
ment has rendered outstanding 
performance in nearly every field 
of chemical activity. Distinguished 
by almost classic simplicity of de- 
sign, this colorimeter is noted for 
its sturdy and enduring construc- 
tion and for its unusual reliability 
and freedom from the mechanical 
and electrical deficiencies which 
can prove so costly in the efficient 
chemical laboratory. 


Because of the unique accuracy, 
speed and simplicity of operation 
which it affords, the Evelyn Color- 
imeter is widely used in_ both 
research and routine control labo- 
ratories in the metallurgical field. 
A detailed discussion of the design 
of this invaluable analytical tool is 
resented in our twelve-page Bul- 
leslie 460, available on request. 
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OF GREATER 
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» AND 
CLEANLINESS : 
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Ohio Ferro Alloys welcomes your 
investigation of this improved High 
> carbon Ferro Chrome as applied to 
> your melting process. 





FERRO SILICON 50%, - 15°, - 85%, - 90%, 
SPECIAL BLOCKING 50°, FERRO SILICON 
H. C. FERRO CHROMIUM «+ FERRO MANGANESE 
BOROSIL SIMANAL 


Srguets 


SILICON * MANGANESE + CHROME 


© OFA 1941 
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Aluminum for Autos 


_ 
UP-TO-DATE 
DATA ON .. 


(From p. 1266) sections and tubes. 
These trucks were designed to take 


used in liquid baths such as 
cyanide and salts have previously worn out 
rather rapidly owing to the fact that gases 
apparently pass right through the protect- 
ing tube, collect inside, contaminate the 
thermocouple and shorten its life. 
* The new Gordon vent-type thermocouple 
eliminates this collection of gases by pro- 
viding a vent through which they are allowed 
to escape. It is also possible to blow a 
small amount of air from a convenient air 
connection through the tube to remove 
these gases. 

Thus, by reducing contamination, the life 
of the thermocouple is greatly increased— 
often two or three times—and makes its 
life comparable with that of the tube itself. 

This new type of thermocouple, by ex- 
tending both the life and accuracy of your 
liquid bath thermocouples, offers you a 
real saving. One-half of all Gordon thermo- 
couples are now supplied with this vent. 
Send for full information and price list. 


Gordon also offers a full line of thermo- 
couples and accessories of all types 


yo GORDON. fae 
“SERVICE 


CLAUD S. GORDON CO. 


Specialists for 32 Years in the Heot Treating and 
Temperature Control Field 


Dept. 15 © 3000 South Wallace St., Chicago 16, iil. 
Dept. 15 © 7016 Euclid Avenue ¢ Cleveland 3, Ohio 


Diet: Retr 


kate Z ] 
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advantage of the low modulus of 
elasticity by allowing a certain 
amount of deflection of the whole 
vehicle to take place, such as, for 
example, would be imposed by 
uneven roads, without imposing 
undue stress on the material. All 
have run more than 120,000 miles 
with complete satisfaction. 

Light alloys have been used 
extensively in passenger transport 
vehicles. The applications include 
roofing, side panels, canopies, 
bodies, stair stringers, stanchions, 
grab rails and window frames. 

While more data may well be 
required by the engineer before the 
most efficient design can be pro- 
duced, it is not necessary to await 
the results of such work before the 
wider application of aluminum by 
the automobile engineer can be 
successfully undertaken. Important 
and immediate advantages to the 
vehicle owner could be made avail- 
able with consequent value and 
added prestige to the engineer and 
manufacturers. 


Corrosion Tests 


on Magnesium* 


PREVIOUS corrosion tests on 

as-cast alloys had shown a cor- 
rosion rate in 3% sodium chloride 
solution between 0.5 and 1.0 mg. 
per sq.cm. per day when the metal 
was low in iron or contained sufli- 
cient manganese together with a 
“normal” iron content of about 
0.02%. Similar tests at the Royal 
Aircraft Establishment and in 
America resulted in a_ corrosion 
rate of about 0.10 to 0.20 mg. per 
sq.cm. per day. There were three 
differences between the immersion 
test as used at the R.A.E. and the 
authors’ test: 

1. The R.A.E. used freshly made 
solution; the authors used the solu- 
tion continually. 

2. The R.A.E. prepared the sur- 
face with emery papers, finishing 
with moist pumice powder; the 
authors abraded the surface with 
1F emery paper. (Cont. on p. 1273) 

* Abstracted from “The Influence of 
Some Different Surface Preparations 
on the Corrosion of Magnesium-Base 
Alloys of Low and Normal Iron Con- 
tent”, by F. A. Fox and C. J. Bushrod. 


Journal of the Institute of Metals, 
V. 72, 1946, p. 51 to 63. 
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Engineering 
Alloys 


Engineering Alloys — Substan- 
tially enlarged to 834 pages to 
include 12,550 alloys, their trade 
names, physical properties, chem- 
ical composition, uses and the 
names of the manufacturers. En- 
gineering Alloys completely 
blankets the alloy field. No other 
publication can provide the source 
for so much information as this 
veritable one-volume library. This 
brand new second edition lists 
practically every alloy ever pro 
duced. Six sectional divisions 
permit easy and quick access to 
desired information as follows: 
Section 1 — Alphabetical listing 
and serial numbers; Section 2 — 
Names, compositions, properties 
and uses: Section 3 — Classifica- 
tions and uses index; Section 4 — 
Directory of manufacturers; Sec- 
tion 5— Key Index to manufac- 
turers: Section 6 — Appendix 
Classification of heat and corro 
sion resistant alloys, etc. 834 
pages...6x 9... Red Cloth 
Binding. 


$10.00 


Order now from 


TECHNICAL BOOKS 


American Society 


for Metals 


7301 EUCLID AVENUE 
CLEVELAND 3, OHIO 
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Buffalo, N. Y. 


Strong Steel Foundry Co. 


51 Norris St. Riverside 2700 


Tulsa, Oklahoma 


Oklahoma Steel Castings Company 
1200 N. Peoria 5-9286 


Houston, Texas 


Texas Electric Steel Casting Company 
Bringhurst & Gillespie. Fairfax 8117 


Los Angeles, Calif. 


Utility Electric Steel Foundry 
3334 East Slauson Avenue 
Kimball 4185 


Cleveland, Ohio 


Crucible Steel Casting Company 
Almira & West 84th 
WOodbine 4613 


Philadelphia, Pa. 


Dodge Steel Company 

Tacony. MA Yfair 1650 
Indianapolis, Ind. 
Electric Steel Castings Company 
Speedway. Belmont 0400 
Newark, New Jersey 


American Steel Castings Co. 
Avenue “L" and Herbert Street 
Market 3-5464 


Milwaukee, Wisconsin 
Sivyer Steel Casting Company 
1675S. 43rd St. Mitchell 1442 
Chicago, Illinois 


Burnside Steel Foundry Company 
1300 East 92nd Street 
SAGinaw 9600 


Detroit, Michigan 


Detroit Steel Casting Company 
4069-4140 Michigan Avenue 
LAfayette 5710 


Toledo, Ohio 


Unitcast Corporation, 
Steel Casting Division 
Front and Millard Avenue 
POntiac 1545 


Corrosion of Magnesium 


(Continued from page 1260) 

3. Degreasing was by benzene 
vapor at the R.A.E. and carbon 
tetrachloride at the authors’ plant. 

Preliminary tests indicated that 
the important factor was the 
method of surface ‘preparation, 
Therefore samples with varying 
iron content (0.002%; 0.005%; 0.011 
to 0.016%) were prepared for test 
by three methods: (a) abrasion on 
glass paper; (b) abrasion with 1F 
emery paper followed by 0 emery 
paper and moist pumice powder; 
and (c) preliminary emery prepa- 
ration followed by hand polishing 
using a Selvyt cloth moistened with 
a suspension of alumina. The cor- 
rosion rates of these specimens in 
3% sodium chloride solution were 
compared with those previously 
found for specimens prepared on 
1F emery paper. The specimens 
prepared on 1F emery paper cor- 
rode much more rapidly than those 
with the other methods of surface 
finish, all of which corrode at 
about the same rate. Furthermore, 
while specimens of varying iron 
content all corrode at substantially 
the same rate when prepared on 
1F emery paper, metal of low iron 
content corrodes at a slower rot 


than that with higher iron when 
the other preparations are used. 
Surface roughness was not a 
factor, since the 1F emery paper 
gave a value less than that of the 
glass paper. The adverse effect of 
emery preparation may be due to 
iron oxide pickup by the metal 
surface, since the emery removed 
from the 1F paper contained about 
7% iron as Fe,O,. Previous work 
on the protective value of various 
oxide films deposited on Elektron 
AM503 sheet showed that films con 
taining appreciable quantities of 
oxides (or hydroxides) of iron 
caused accelerated corrosion. An 
important objection to this theory 
lies in the good corrosion’ per 
formance of the emery-prepared 
specimens of low iron and man 
ganese content reported previously 
as compared with specimens of 
higher iron and low manganese 
content prepared in the same way. 
Additional work on this sub 
ject is needed, particularly on 
specimens subsequently chromate 
treated and painted. This depend 
ence of the enhanced corrosion 
resistance of high-purity metal on 
the surface preparation may prove 
to be an important practical con 
sideration in the commercial assess 
ment of these materials. S 








JOHNSION 


SLOT TYPE FORGING 


FURNACES 


Equipped with JOHN- 
STON Reverse Blast Low 
Pressure Burners—for Oil 
or Gas. They diffuse the 


finely atomized oil or gas 
through the air supply to 
produce complete combus- 


tion and maintain proper 


Furnace with 2 slots as shown— furnace atmosphere neces- 
for forging various shapes. Also’ sary for quick clean heat- 


single slot in light and heavy duty 


types. 


Write for Bulletin M-233 


ear 
.* 


ing and to avoid scaling 
and surface decarburiza- 


tion. Low operating cost. 


JOHNSTON MANUFACTURING CO 
\e Lane Oe 2825 EAST HENNEPIN AVE 
"2656 MINNEAPOLIS 13, MINN 
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Pitstenm Alloy ingot shipments by Smelters in August, 1946, 
were 250% larger than the highest peacetime month in history. 





That's significant—it means that more and more manufac- 


turers realize the inherent quality of Smelters’ Aluminum ingot 


and the advantages in its use. 


For suggestions about how you can make more and better 


use of these top quality, uniformly dependable Aluminum Alloys 


for any casting purpose, consult any member. 


William F. Jobbins, Inc. 
Aurora, Illinois 


R. Lavin & Sons, Inc. 
Chicago 23, Illinois 


The Naiional Smelting Co. 


Cleveland 5, Ohio 


Niagara Falls Smelting & 
Refining Corp. 
Buffalo 17, New York 





Hiummum It 


North American Smelting Co. 
Philadelphia 34, Pa. 


Sonken-Galamba Corporation 
Kansas City 18, Kansas 


U. S. Reduction Co. 
East Chicago, indiana 
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ESEARCH INSTITUTE 


Aluminum and 
Magnesium, Inc. 


Sandusky, Ohio 


The American Metal Co., Lid. 
New York City 6 


Apex Smelting Co. 
Chicago 12, Illinois 
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Berg Metals Corporation 

Los Angeles 11, California 

The Cleveland Electro Metals Co. 

Cleveland 13, Ohio 

Federated Metals Division 
American Smelting & 
Refining Company 

New York City 5 and Branches 

General Smelting Company 

Philadelphia 34, Pennsylvania 

Samvel Greenfield Co. 

Buffalo 12, New York 


111 West Washington Street « Chicago 2, Illinois 
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Any Questions On 
The Science Of Gas 


Chemistry, Heat Treatment OC 


Progress in heat treat practice and the equip- 
ment which makes it possible is moving at a 
rapid pace; for instance Radiant tube heating. 
carefully controlled furnace atmospheres with 
new improved furnaces design—all ‘Surface’ 
developments. These result in improved prod- 


uct and greater economy in production. 












SURFACE COMBUSTION 





CORPORATION - 








Some of the ‘Surface’ engineers responsible 
for these significant developments will be at 
our booth (G 169) at the Metal Congress at 
Atlantic City. Come into the booth. Meet them. 
Ask questions. Discuss your problems, get 
their views and take advantage of their spe- 


cial experience. You will be most welcome. 


SC Continuous Tray Pusher 
Radiant Tube Furnace 


‘Surface’ Rotary Hearth Type Furnace 
Radiant Tube Heated 


“SPECIAL RADIANT-TUBE HEATED, ATMOSPHERE FURNACES FOR: 
Ges Carburizing and Carbon Restoration (Skin Recovery), 
Clean and Bright Atmosphere Hardening, Bright Gas- 
Normalizing and Annealing, Dry (Gas) Cyaniding, Bright 
Super-Fast Gas Quenching, Atmosphere Malleableizing, 
Atmosphere Forging, and Specific Effects upon Metal Surfaces. 


TOLEDO 1, OHIO 




























Which “Surplus” TOCCO Machine 


fits your induction heating job? 








December, 1946 


Let us help you decide. 


We maintain complete records of every TOCCO machine 
ever sold. We can tell you the date it was shipped from our 
factory ... the job for which it was originally designed . .. 


and complete specifications of the unit as it was shipped. 


If you intend to buy a Government Surplus induction heating unit, 
be sure to consult us first because, whether you buy a new TOCCO 
machine from us or a used “Surplus” unit from the War Assets 
Ad ministration, we want to make sure that it is the right TOCCO 


unit for your particular requirements. 


Contact us so we can tell you how adaptable any “Surplus” 
machine is to your particular job. We are authorized dealers 
for Government Surplus TOCCO Equipment and can facili- 


tate your purchase. 


THE OHIO CRANKSHAFT COMPANY 
DEPT.R * CLEVELAND 1, OHIO 
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*”’ SharonSharp” KN-44 is one of five types of cut- 
lery steel produced by Sharon for specialized uses. 


SHARON STEEL CORPORATION 


SHARON, PENNSYLVANIA 
Subsidiaries: 
Niles Rolling Mill Company, Niles, Ohio. Detroit Seamless Tubes Company, Detroit, Michigan. 
District Sales Offices: Chicago, Ill., Cincinnati, O., Cleveland, O., Dayton, O., Detroit, Mich., 
Indianapolis, Ind., Los Angeles, Calif., New York, N. Y., Philadelphia, Pa., Rochester, N. Y., 
San Francisco, Calif., St. Lovis, Mo., Montreal, Quebec, Toronto, Ontario. 





t/ EARS of scientific research in cutting 

steels form a background for “Sharon- 

Sharp”, an unusually high grade stainless 
cutlery steel. 

Metallurgically controlled to assure the exact 
content of carbon, chromium and other essen- 
tial components, “SharonSharp” provides a 
superior hard cutting edge that retains sharpness 
longer without impairing stain-resistant qualities 

“SharonSharp” is air hardening, eliminating 
the work of oil quenching. It also reduces 
straightening costs. 

For the answer to your problem in stainless 


steel, consult Sharon today. 


SHARONSTEEL 
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Dense loads of these tiny 
oval eyes get an 0.012-inch 
case in one hour of cyaniding 
by the Homocarb Method, 
in the plant of H. I. Judd 
Co., Wallingford, Conn., 
manufacturers of textile ma- 
chine parts and other mill 


wire goods, 


»— 


Lowering load of refrigerator 
hooks into Homocarb tor gas- 


cyaniding, 


Cyanided steel parts can have not only file-hardness but uniform 
hardness and reduced distortion when they are gas-cyanided in the 
Homocarb way. Several reasons explain these results: 


1. Gas cyaniding deposits no coating on parts, and work can therefore 
be quenched in either water or oil, acquiring file-hard case in either. 


2. Fresh cyaniding gas is automatically fed to the Furnace in a 
continuous stream, and spent gas exhausts promptly from the Furnace. 
Cyaniding medium is thus always held at full strength. 


3. This uniform medium acts on the work with great uniformity, 
because the entire internal design of the Furnace is planned for that one 
purpose. Gas follows the short, efficient Homo path from the fan, past 
the heaters and into work. Snug fitting prevents by-passing and ample 
power insures uniform penetration of dense loads. Results are constant 
and predictable. 


4. Automatic control is by our newest, most economical method 
Micromax D.A.T. It gives proportioning control by on-and-off con- 
tacts; normal voltage changes don’t affect regulation. Rejects often 
vanish; are always insignificant. 

If you have a specific problem, in cyaniding or carburizing, we suggest 

u write for Homocarb Catalog T-623, or a call from an L&N Field 

gineer, as you prefer. 









LEEDS & NORTHRUP 


MEASURING INSTRUMENTS - TELEMETERS - AUTOMATIC CONTROLS - HEAT-TREATING FURNACES 


Jr! Ad T-623(23) 
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CYANIDING IS ECONOMICAL 
THE HOMOCARB WAY 





LEEDS & NORTHRUP COMPANY, 4927 STENTON AVE., PHILA. 44, PA, 





Judd Co. mill wire goods, ; 
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The new issue of this bulletin is now ready for 


distribution. Twenty-eight pages of tables, charts | 
and production installations describing this all- 
purpose furnace which has become standard heat 


treating equipment in many industrial plants. 


Send for your copy of Gulletin HD-646 - 


eee 1 
4 | 


| j Nes: : 
a ali ELECERIC COMPRME 


EXCLUSIVELY 
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ARE YOU GETTING 
MAXIMUM PRODUCTION 


FROM YOUR PRESENT EQUIPMENT? 





@ Direct Fired Cover Fur- 
naces for Annealing, Sphe- 
roidizing, Normalizing and 
Bright Annealing of wire, 
rods, coiled strip, flat sheets 
or tin plate. 


@ Convection Bases especial- 
ly designed for heavy coil 
loads, give 200% to 400% 
longer life. 


@ Galvanizing, Patenting and 
Normalizing Furnaces for 
WIRE, BAR, and TUBE 
MILLS. 


@ Galvanizing Furnaces for 
Pipe, Sheet and Job Plants. 





The above cover annealing furnace for 
sheets in a representative steel plant was 
converted to our Direct Fired Combustion 
System and immediately resulted in an in- 
crease in production of over 50%, elimi- 
nated top stickers and improved metallur- 
gical quality. At the present time every 
furnace in this department has been con- 
verted to our system. We ought to be able 
to do the same for you. 


This increase in production is possible be- 
cause we have introduced new principles 
of heat application in the metals producing 
field. These principles are applicable to 
the Wire, Rod, Sheet, Strip, Bar and Gal- 
vanizing Industries. For applicability of 
F.E.I. Direct Fired Combustion Systems to 
your present equipment write, wire or 
phone for further information. 





THM Lee 


Specializing in the design, manufacture and installation 


of furnaces for 


the metal working industries 


1551 WEST LIBERTY AVENUE *® PITTSBURGH, PA. 
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ae Well! We’ re Gaining! 


Se CASE STEEL 


production is slowly 
creeping up on orders 


—and one of these days we will be able to ship you all the SPEED CASE 
STEEL you can use. In the meantime, why not get complete information on 
SPEED CASE? Be ready for SPEED CASE when it’s ready for you! It’s the only 
steel possessing such high physicals, unusual ductility, AND cuts like A.1.S.l. 
BIII3 at 250 S.F.P.M. It has a tensile strength of 80,000-90,000 PSI. It replaces 
B1112, BIN13, C1117, C1118, C1019 and MACHINES 40% to 50% FASTER THAN 
ALL OTHER CASE CARBURIZING STEELS. Prepare NOW for SPEED CASE— 


Samples and an Expert to Show You How! 


Our Speed Case Production Expert will visit your plant after 
samples are sent you, and show you how to set up your ma- 
chines and tools to INCREASE PRODUCTION 30 to 100% and still 
improve the quality of your product. It’s a remarkable steel. 


G. 7 
+ Kear off here ATTACH TO YOUR LETTERHEAD AND MAIL TO EITHER COMPANY BELOW 


-— 2 oe mw ssc eww ne ee ee ee ee eee ee eee ee ee Te eee 


MONARCH STEEL COMPANY 


HAMMOND ‘ INDIANAPOLIS : CHICAGO ACTUAL PHOTOGRAPH 


Speed Case Stee! (.20 car- 
bon) 1 inch cold drawn 


MANUFACTURERS OF A COMPLETE LINE OF COLD FINISHED CARBON AND ALLOY STEEL BARS = (°").) JSS" SOs Srue 
without fracture. 


THE FITZSIMONS COMPANY 


YOUNGSTOWN OHIO 
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This big Alcoa Aluminum Forging and the smaller pair are 
airplane structural members. You know they're dependable, 
therefore, yet they save weight where lightness is essential. 

Consider them against your needs 
They're massive parts; capable, because of their 
grain structure, the choice of alloy, and their design, 
of taking plenty of punishment. Their complex shape 
shows that you need not feel restricted in designing 

forgings of Alcoa Aluminum. 

Used in parts that move or products that 
must be moved, Alcoa Aluminum 
Forgings enable you to re- 
—- duce dead weight without 


key 


= at —7~—SC«*S sacrificing strength or 

Sr NG el ae 

\ ) —_ safety. For help in including 
" them in your products, call 


the nearby Alcoa office. Or write ALUMINUM COMPANY 


or America, 2101 Gulf Building, Pittsburgh 19, Penna. 


oF: ALUMINUM 
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PAGE 
NAVAL 
BRONZE 


PAGE now offers two new bronze rods for oxyacetylene 
welding — both up to the well-known PAGE high standard 

of quality and uniformity. Each of these rods has many 
applications in maintenance and production. For specific 
information about these — or any other type of electrode 


or gas welding rod — get in touch with your PAGE distributor. 


Cc Monessen, Pa., Atlanta, Chicago, Detroit, Denver, Los Angeles, New York, Philadelphia, Pittsburgh, Portland, San Francisco, Bridgeport, Conn. 


PAGE STEEL AND WIRE DIVISION 
AMERICAN CHAIN & CABLE 
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Warehouse steels helped make this picture 





Here's the latest in catapult-launched planes, designed 
and built for the Navy by Edo Aircraft Corporation. 
Every bit of alloy steel used in its construction came from 
a Frasse warehouse. 

It’s that convenient, when you're working with alloy 
steels, to work from Frasse alloy stocks. In commercial 
grades alone Frasse stock standards include 3135, 4150, 
4615, 6145 and 6150 — either in cold finished (rounds 
and hex), hot rolled (rounds )—or both. For added con- 
venience, all medium carbon grades are stocked either 
annealed or heat treated. 

If your job demands aircraft quality, you'll find Frasse 
stocks equally handy. Frasse is a specialist in aircraft 
steels—stocks include both X4130 and X 4340, to appro- 
priate Government specs. 


Those NE grades now considered standard alloys are 
being maintained, too. Frasse continues to warehouse 
NE 8620, 8630, 8635 and 8742 in commercial quality, 
and electric furnace aircraft quality in NE 8630 and 8740. 


Complete details of Frasse alloy stocks—actual quan- 
tities and grades available for immediate delivery—are 
published monthly in the “Frasse Alloy Bar Inventory” 
bulletin. You'll find this bulletin an invaluable check 
list for your requirements in alloy bars. Send for your 
free copy of the latest issue today. Peter A. Frasse and 
Co., Inc., 17 Grand Street, New York 13, N.Y. (Walker 
5-2200). 3911 Wissahickon Avenue, Philadelphia 29, Pa. 
(Radcliff 5-7100). 50 Exchange Street, Buffalo 3, N. Y. 
(Washington 2000). Jersey City * Syracuse * Hartford 
* Rochester + Baltimore 


LL 


Peter A. Frasse & Co., Ine. 
17 Grand Street. New York 13, N. Y. 


Please send me the latest issue of FRASSE INVENTORY of Alloy BARS 


FRANSE 


for alloy steels 


Name Title. 











Address 





Commercial and Aircraft Quality 
Cold Finished or Hot Rolled 
Open Hearth and Electric Furnace 


City Zone State 
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RUSTLESS DATA SHEET NO. 9 


orrosion Resistance 






Plus Resistance to Fatigue 


One of the Many Combinations of Properties Offered by Stainless Steels 








aio | 416 | 420 | 440a | a4oc 








ibs. per sq. inch 


Endurance Limit 
























































ETALS get tired. Under many repetitions of stresses 
M metals become fatigued, and are not able to en- 
dure loads indicated as safe by the usual static tension 
and compression tests. When corrosive conditions are 
severe, this danger is exaggerated, causing a substan- 
tial drop in the safe loading stress. Stainless steels, 
however, show higher endurance limits or resistance 
to fatigue under many conditions, and will outperform 
other engineering materials under any number of re- 
peated stress cycles. 

Endurance limits have been established to indicate 
the safe loading stress which a material can withstand 
under an unlimited number of repeated stress cycles. 
Endurance limits are used in the design of moving 
machine parts such as pump shafting, aircraft con- 
trols, springs and instrument parts where loads are 
applied in repeated cycles—from maximum to zero, or 
from maximum tension to maximum compression. En- 
durance limits vary for different materials and for 
different conditions of that material. Endurance limits 
are closely related to tensile strength and usually ap- 
proximate one-half the ultimate tensile strength. There- 
fore, any treatment which alters the tensile strength, 
also alters the endurance limit. Values of endurance 
limit indicated in the above chart represent stainless 
steels in the annealed condition and, therefore, are the 
minimum values to be expected. Hardening either by 
cold work or by heat treatment will raise the endur- 
ance limit to a considerable extent. Stainless steels not 
hardenable by heat treatment can be cold worked to 
obtain endurance limits approaching 100,000 pounds 
per square inch. Stainless grades hardenable by heat 
treatment go even higher. Types 420, 440A and 440C, 
when hardened and stress relieved, offer endurance 
limits well over 100,000 pounds per square inch — 
higher than many straight carbon steels, and much 
higher than any other standard engineering material. 


mem 
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There are many factors which affect fatigue and make it 
a complex subject. Scratches, machine marks, nicks, dents, 
and other surface irregularities form stress concentration 
points and promote the progressive failures which are char- 
acteristic of fatigue. Temperature has a pronounced effect 
on fatigue. Corrosion, in combination with fatigue, has ex- 
treme effects usually predictable only by studies of service 
performance. Fatigue is a subject requiring special attention. 
When you want to use stainless steel to resist corrosion fa- 
tigue, consult our specialists. 





Automatic bottling equipment —— 
must withstand a severe combi- Wacteoing Stziniess Steels by Proterenes 
nation of service conditions, and wwane-sece @ 

must be made of material of high =. LP 


fatigue strength — 

For a complete report on why 
one prominent manufacturer uses 
stainless steels almost exclusively 
for this purpose, and how the 
hundreds of different parts are 
machined to rigid quality stand 
ards at high production rates 
request a copy of Rustless’ latest 
3-page case history “Machining 
Stainless Steels by Preference 




















SALES OFFICES: 
ATLANTA + BALTIMORE + BERKELEY + BOSTON 
BUFFALO + CHATTANOOGA + CHICAGO 
CINCINNATI + CLEVELAND + COLUMBUS > 
DALLAS + DAYTON + DETROIT + HOUSTON 
INDUANAPOLIS + KANSAS CITY + LOS ANGELES RM 


PHILADELPHIA “PTTSBuRGH > mickmony DIVISION OF W/ 





ST. LOUIS + SOUTH BEND 
DISTRIBUTORS IN PRINCIPAL CITIES 


RUSTLESS IRON AND STEEL DIVISION 
THE AMERICAN ROLLING MILL COMPANY 
Baltimore 13, Maryland 


STAINLESS STEEL SPECIALISTS 












WHY FABRICATORS LIKE YOLOY - YOUNGSTOWN’S HIGH-TENSILE STEEL 


Yotoy has been specified for 
many tough jobs--such as the National Ad- 
visory Committee for Aeronautics wind 
tunnel at Cleveland, Ohio--because of its 
remarkable ability to resist shock, or im- 
pact at low temperatures. 

In order to determine the impact value 
of Yoloy steels a “standard” notched bar is 
broken by a single blow on a pendulum 
type impact machine, at ordinary tempera- 
tures or at some specified temperature, and 
the energy required tobreak the bar is deter- 
mined in foot pounds. The values obtained 
are comparative and provide useful in- 
formation for the design engineer. Most 
steels increase their Tensile Strength and 


lose ductility as the temperature is lower- 
ed. Yoloy retains its resistance to impact 
to a greater degree than carbon steels at 
various temperatures. 

Ability to resist shock at low tempera- 
tures is only one of several valuable 
characteristics of Yoloy steels--properties 
that are the outgrowth of 12 years’ experi- 
ence in satisfying the complex requirements 
of customers. If you need a steel that has 
high impact strength or extra tensile 
strength, one with unusual ability to resist 
corrosion and abrasion, one that is easy to 
form and easy to weld, specify Yoloy. Ask 
the District Sales Office that serves you for 
full details. 


Month Tech emek. A 


Sheets-Plates-Pipe and Tubular 
Products - Bars - Rods- Wire -Cold 
Drawn Carbon Steel Rounds-Tie 
Plates and Spikes- Conduit-Elec- 
trolytic Tin Plate-Coke Tin Plate. 


THE YOU 


NGSTOWN SHEET AND TUBE COMPANY 


Nf A E YOUNGSTOWN OHIO 
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COMPLETE 
REATING 







Get your copy of this 
new 24 page booklet 


-Just off the prresa! 
it answers the all-important “How much” question... 


e « tells how to select furnaces of the It makes it easy to arrive at that cost figure now— 
proper size in advance—so you can have it right in there when 


your company makes its expansion and improvement 
+ « shows recommended layouts appropriations. 


* « gives approximate floor space Special “Template” Pages of furnaces, quench tanks, 
etc. are easily cut out—a few seconds scissor-work 


requirements : 
shows you how your department will actually look. 


shows prices of auxili ipment 
vil P uxiliery equipme How do you get your copy? Write to your nearest 


such as tongs, quench tanks, straight- Lindberg Engineering Company office, or to the 
ening presses, work benches, hard- 


ness testers, etc. 


‘és 


Lindberg home office at 2448 West Hubbard St., 


Chicago 12, Illinois. 


FURNACES 
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*For HARDFACING all wearing equipment 
where Impact and Abrasion are involved. 





NEW EXTRUDED COATING. 
brings improved properties to STOODY SELF-HARDENING 


y° R OLD FAVORITE, STOODY SELF-HARDENING., is all decked out in a new im- 
proved coating! Extruded hydraulically instead of being dipped, the new coating is much 


stronger, resists moisture pickup and maintains complete uniformity! 


You'll notice faster welding, freedom from porosity, denser deposits. 





Welds with either AC or DC machines in any bead type! 

FORGET YOUR SCALING DIFFICULTIES! Slag comes off easily 
while deposits are still hot—is self-lifting as deposits cool. Same high 
wear resistance as old dipped electrodes, no loss in hardness even on 


multiple deposits! 





For many years the favorite for maximum wear protection—Stoody 
Self-Hardening is now improved for maximum ease of welding. Try 
50 Ibs. today and note the advantages! No change in price. New cir- 
culars available—see any of our 600 Stoody dealers. 

1146 W. SLAUSON AVE. ¢ WHITTIER, CALIFORNIA 


STOGDY HARD-FACING ALLOYS 
Retard Wear , EA: Save Repair 
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; progressive, superbly staffed, completely 
integrated steel producer. WISCONSIN is exactly 
that. 

Progressive is more than a word at WISCONSIN. 
It’s a fact that has been demonstrated by our de- 
velopment of Sulfite-Treated Steel—the highly 
machinable steel that overcomes the faults of re- 
sulphurized steels. “‘H” steels of guaranteed hard- 
enability are a specialty of ours. Both of these 
steels are earning wide acceptance and acclaim. 

Superbly Staffed by top-flight steelmen, wiIs- 
CONSIN has one prime objective: to make the best 
possible steel for our customers. Every man in the 


mill works toward that goal. 


OUR steel requirements can best be served by 


An Integrated Organization gives WISCONSIN 
complete control of the product from the ore 
mines to the customer. That control means finer 
steel. 

Watch WISCONSIN for steel progress. We can’t 
supply all the steel our customers need but the 
picture is improving. We haven’t compromised 
with quality. Our sales and metallurgical staffs 


are ready to serve you. 





WISCONSIN STEEL OPERATIONS 


Ore Mines + Coal Mines + Ore Freighters 
Blast Furnaces - Open Hearth Furnaces - Rolling Mills 
Heat-Treating, Cold Finishing and Annealing Facilities 











WISCONSIN STEEL COMPANY 


(Affiliate of International Harvester Company) 


180 North Michigan Avenue 
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Chicago 1, Illinois 


John P. Kelly—Brass Founder, well known producer of high 
quality aluminum bronze castings, uses CARBOFRAX silicon 
carbide linings in all 14 of his crucible type melting furnaces. 
Of the Walker-York design, the furnaces are coke-fired and 
feature pre-heated air with controlled blast. 


© 
Jobbin Found Quickly reviewed, his extended experience with CARBOFRAX 
linings shows these profit yielding results. 


@ Lower refractory cost per lb. of metal melted because these 


more durable linings last longer. 


* 
all al 7 PS Of] @ Improved crucible life. Retaining dimensions even after 
much service—with choking clinker formations eliminated, 


CARBOFRAX linings radiate heat uniformly to the crucible. 


bd . @ Steady, reliable production. As these linings do not deform 
under most severe operating conditions, both moderate and 
peak demands are fully satisfied. 


@ Reduced installation cost. Made accurately to size with 
rugged interlocking joints the CARBOFRAX blocks are 


quickly, easily installed. 


Such advantages are made possible by the high refractoriness, 
excellent resistance to spalling, cracking and flame erosion and 
high hot strength of CARBOFRAX linings. Their distinctive 
characteristics make these linings equally valuable for promot- 
ing greater production at lower cost in oil and gas fired melt- 
ing furnaces. 

Additional information on CARBOFRAX linings for specific 
installations will be gladly furnished on request. Simply write 
Dept. N-126, The Carborundum Company, Refractories Divi- 


sion, Perth Amboy, New Jersey. 


UPER REFRACTORIES 


By CARBORUNDUM 


TRADE MARK 


"Carborundum” and “Carbofrax” are registered trademarks which indicate manufacture by The Carborundum Compam 
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Facts about REVERE FREE CUTTING BRASS ROD 


Lead Content. Revere Free Cutting Brass Rod contains about 
j | 1 | 1] 


lead. This ts not dissolved but ts thoroughly distrtbured throughout 
- TYPICAL PROPERTIES 


the metal in the form of tinely-divided particles. The lead reduces 
triction by causing the chips to break off short, so that they are in REVERE 
only momentary contact with the cutting edge of the tool. This FREE CUTTING BRASS ROD 
lessens the amount of heat generated. Lite of the tool ts correspond- Alloy No. 240 
ingly extended, and long runs without regrinding are usual 
COMPOSITION 
— , “ oF 
Machining Speeds. Surtace speeds as high as 700 tect per Copper 61.5% 
. Zine 35.5 


are possible Rough cuts as deep as 0.020” can be taken. Sucl oe 30 


speeds and cuts materially reduce production time over other mi 
TENSILE STRENGTH 
Hard* 65,000 pounds per square inch 
Soft? 50,000 


ELONGATION 
Y, in 2 inches 
, Hard* 15 
within the capability of the machine and operator may be easily Softt 50 


rials having less Outstanding machining characteristics 


Finish. With proper tooling, parts made of Revere Free Cutting Brass 
Rod come from the machine with a brilliant, smooth, highly-polished 


appearance, due to the practically flawless surtace. Any tolerance 


obtained Threads are sharp and clean down to their roots 

DENSITY 
No Burrs. This metal may be cut- and roll-threaded, drilled and 0.307 Ibs. per cubic inch 
| 


tapped, milled, broached, and sawed with no appreciable burrs COEFFICIENT OF EXPANSION 
0000113 per Fi 68 F 


Temper. In the majority of cases, Revere Free Cutting Brass Rod ELECTRICAL CONDUCTIVITY 


is supplied hard drawn. This hardness tacilitates chip breakage, while 28.6 (% 1.A.C.S. 68° F) 


he ~ y ! i’ d \ y Ss my | ads 
the high strength resulting trom drawing assures strong threa THERMAL CONDUCTIVITY 


However, it desired tor special purposes, Revere can supply sott 73 Biv. por sq. ft. por ft. 
Free Cutting Brass Rod per hr. per °F (uv 68 F 


*Hard, Rockwell B72 (app.) 
, . . , Soft, Rockwell F65 (app 
High Standards. Revere Free Cutting Brass Rod is drawn to close o 


tolerances on dimensions and straightness, and ts stress-relieved atter 


lrawing. The metallurgical and physical characteristics of the metal 





are under constant laboratory check. It is therctore especially suita ; 
; Revere Metals include: Copper and Copper 


for automatic screw mac hines, which require stock having high unt Alloys: Sheet and Plate, Roll and Strip, Rod 
formity in quality and dimensions and Bar, Tube and Pipe, Extruded Shapes 
Forgings; Aluminum Alloys: Tube, Extruded 
Shapes, Forgings; Magnesium Alloys: Sheet 
and Plate, Rod and Bar, Tube, Extruded 
Shapes, Forgings; Steel: Electric Welded 
is easily soldered. can be welded it desired, and it is of Course non Steel Tube. 


Additional Advantages. Tlie smooth surfaces produced by machi 


ing Revere Free Cutting Brass Rod are ideal tor plating. The metal 








rusting and corrosion-resistant. Even at a slightly higher cost over 


other materials, this brass often is more economical for screw 


machine production, duc to the speed with which the various opera 
tions may be conducted, and the value ot the scrap 
Consult Revere. Because no single metal or alloy COPPER AND BRASS INCORPORATED 


' > wee i > 
requirements, Revere otters many, each having some outstanding Founded by Paul Revere in 1801 


virtues and advantages. Selection of the most advantageous Revere 230 Park Avenue, New York 17, New York 


Metal for a given process, part, or product may make a big u Mills: Baltimore, Md.; Chicago, UL: Detroit, Mich: Neu 
‘ , Bedford, Mi. Ro —N = Sales Offices > cipal ties 
provement in such important items as cost of manutacture, durabilit Bedford, Mass.; Rome ' : ices én Prancipal Cats 
Dastributors Leervuhere. 
. 7 o 
Listen to Fxploring the Unknown on the Mutual Network 
vladly cooperate with you in studying your requirements, every Sunday evening, 9 to 9:30 p.m., EST. 


and even saleability. The Revere Technical Advisory Service wil 














BURRELL BALL AND SOCKET JOINTS ELIMINATE RUBBER 
TUBING AND PROVIDE TIGHT FLEXIBLE CONNECTIONS 


pene design in gas analysis apparatus 
specifies rubber tubing fonnections between the 
various glass parts. While suitable for most purposes, 
the rubber joint has disadvantages which can be 
overcome only through the use of solidly sealed 
assemblies without joints, or through the use of a 
flexible type of ground joint such as the ball and 
socket. The straight taper joint has not been popular 
because of its rigidity and consequent likelihood of 
easy breakage. 

The ball and socket joint offers a simple means of 
eliminating rubber connections and is recommended 
for consideration where: 


the gas sample should be kept out of contact 
with rubber as when substantial portions of heavy 
hydrocarbons are present. 


the small amounts of gas trapped at times be- 


tween the butted ends of the glass connections 

may be of significance. 

—convenience only is the deciding factor. 

Burrell will furnish ball and socket joints on any 
Build-Up gas analysis assembly if so ordered. On 
this, or any other special application, consult the 
Burrell Engineering Department. BURRELL TECH- 
NICAL SupPLY Co., 1936-42 Fifth Ave., Pittsburgh 19, 


Pennsylvania. 





RUF IC APPARATUS 


=) QS =30553.323 5D Pe 


WITITT ETL 
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e Precipitatic 
800-1600 F 











Titanium Prevents Intergranular Corrosion in 


Welding Stainless 


In the welding of austenitic stainless steels, ‘Titanium, the stabilizing element, prevents 
the retention of carbides in solution is not pos- — precipitation of chromium carbide in an inter- 
sible because the resulting heating between — granular pattern by virtue of the fact that it 
800 and 1600°F. precipitates the carbon present has greater afhnity for carbon than any other 
as chromium carbides in an intergranular pat- element has for carbon, and accordingly, the 
tern. In this condition the zones near the welds — carbides of titanium are uniformly dispersed 
are predisposed to intergranular corrosion in thereby preventing intergranular precipitation 
certain media. and corresponding intergranular corrosion. 





TITANIUM ALLOY MANUFACTURING COMPANY 


Executive Offices: 111 Broadway, New York City General Offices and Works: Niagara Falls, N. Y. 
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SPECIMEN 
MOUNT PRESS 


No. 1315 


This new, improved model is designed 
specifically for the rapid precision molding 
of specimen mounts, either in bakelite or 
transparent plastic. The simple, rugged con- 
struction, without concealed working parts, 
offers maximum accessibility and conven- 
ience for the operator. This accessibility 
combined with the smooth performance of 
this press, permits speed and accuracy in 
molding specimen mounts. 


Molding tools are lapped finished for 
close tolerance with a perfect fit. The fast 
working solid heater can be raised and the 
cooling blocks swung into position without 
releasing pressure on the mold. This rapid 
cooling permits removal of transoptic 
mounts in a few minutes. Heater and cool- 
ing blocks need not be removed from the 
press thus eliminating the possibility of 
accidental burns in handling these parts. 
This model press will develop pressure up 
to 10,000 Ibs. 





THE BUEHLER line of specimen preparation equipment includes . 
CUT-OFF MACHINES @ SPECIMEN MOUNT PRESSES @® POWER GRINDERS ® EMERY PAPER GRINDERS @ 
HAND GRINDERS ¢ BELT SURFACERS @ POLISHERS @ POLISHING CLOTHS ¢® POLISHING ABRASIVES 


— Buckler Lid. 3 








METALLURGICAL APPARATUS ‘ 
165 West Wacker Drive, Chicago 1, Illinois j 
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HERE’S HOW YOU CAN... 


IMPROVE QUALITY 
INCREASE PRODUCTION 
CUT PRODUCTION COSTS 


with General Electric Industrial X-Ray Units 


The experience of hundreds of satisfied users provides contrete 


evidence that G-E X-Ray Industrial Units pay real dividends—both 


scientific and economic. 


One of the nation’s leading producers of heavy steel castings 


has collected tangible dividends from its investment in a G-E X-Ray 


million-volt unit. Here are the facts: 


IMPROVED QUALITY 


Detection of internal defects in castings is by no means 
the sole advantage of x-ray inspection. Routine radio 
graphic examination of intricate castings is employed to 
inspect areas which may be highly stressed in service 
Castings so inspected may be used with complete con- 
fidence for service in fields where higher stresses are 


encountered 





CUT PRODUCTION COSTS 


With day-to-day precision production control, if changes 
are indicated they may be made quickly and accurately 
without the costly sectioning of one casting. In instances 
where repair welding is necessary, a rapid radiographic 
survey of the area in question reassures both the foundry- 
man and the customer that an adequate amount of metal 
has been removed and the welding properly done 





INCREASED PRODUCTION 


Radiography with the 1000 kv unit provides a rapid, 
non-destructive check on the soundness of production 
castings and permits the inspection of a larger percent 
age of the product than would otherwise be possible 
Such production control enables the foundryman to 


verify his molding technic on a day-to-day basis. 


THESE BENEFITS CAN BE YOURS 


No matter what you manufacture. They are not restricted 
to the G-E X-Ray million-volt unit. They are available 
with every G-E X-Ray industrial unit and G-E X-Ray 
provides a full line of industrial x-ray units having a 
voltage range and mounting structure best suited to your 


particular problem. 
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TO GET FULL INFORMATION 


If you're interested in improving quality, increasing pro- 


@, 
duction and cutting production costs, you Owe it to your- GENERAL (36) ELECTRIC 
self and to your company to investigate G-E X-Ray’s 
industrial units. For complete information—without cost X-RAY CORPORATION 
or obligation—call in G-E X-Ray’s experienced industrial 
engineers. Their services are yours for the asking. Write 


or wire General Electric X-Ray Corporation, 175 West 
Jackson Blvd., Chicago 4, Ilinois. Address Dept. 2519 
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GA 


sufiplies 


THE PRODUCTIVE FLAMES oF woustey 
fer 





The productive flames of industry perform countless ® core baking 
other duties. Practically every industrial heating 
requirement is a logical task for GAS, the versatile © heat tr eating 


fuel, and for modern Gas-fired equipment. 
spheroidizing 
FLEXIBILITY— CONTROLLABILITY —SPEED— 
UNIFORMITY—ECONOMY; wherever these batch melting 


qualities are required in process-heating, the de- 


pendable fuel is GAS. Inherent features of this fuel moisture control 


will suggest many additional industrial applications. z 
continuous copper 


Day by day, successful applications of GAS eliminate bra zing 


production snarls in hundreds of manufacturing 


controlled atmosphere 
processing 


plants. Year after year, engineers and production 
managers specify GAS for increasing numbers of 
industrial heating installations. More and more the 


powder metal sintering 
“Trend is to GAS” for all industrial heating. 








Your local Gas Company solves industrial heating 
problems every day. - Results of these studies will be 
helpful to you, too. An experienced Industrial Rep- 
resentative will recommend the proper use of GAS 


for your production process. 


AMERICAN GAS ASSOCIATION 


420 LEXINGTON AVENUE, NEW YORK 17, N.Y. 
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This new literature on “dag” colleidal graphite is yours for the asking: 


[423 | Fects about “dag” colicidal graphite os oc HIGH TEMPERA- 








METAL 





IN FOUNDRY 
LADLES 


OVEN 
CONVEYOR 
LUBRICATION 


Put the finger on PROBLEMS like these! 


How ?—by selecting and applying the right **dag’’ 


dispersion for each job. And it's as simple as it 
sounds except for one fact: while most engineers 


and plant men do know what “*dag’? colloidal 


graphite is, many of them are unaware of all the 


dispersions available or all the diverse industrial 


applications for which they are designed. 


Actually there are seventeen **dag’’ suspen- 


sions, in carriers as diverse as water, oils, alco- 
hol and volatile hydrocarbons. Each possesses 


not only the many unique properties of graphite 


itself (in what amounts to true liquid form) but 
also the valuable special characteristics of its 


liquid carrier. As a consequence, uses are much 


ACHESON COLLOIDS CORPORATION 


PORT HURON, MICHIGAN 


A deta and reference booklet regarding ** dag "’ colloidal 
| 460 | graphite dispersions and their applications. 16 peges pro- 
fusely illustrated. 

Facts about “dag” collcidal graphite for ASSEMBLING 
AND RUNNING-IN ENGINES AND MACHINERY. 

Facts about “* dag" colloidal graphite as a PARTING COM- 
POUND. 


TURE LUBRICANT. 


Facts about “dag” colloidal graphite for IMPREGNATION 
AND SURFACE COATINGS. 

Facts about “dag” colloidal graphite in the FIELD OF 
ELECTRONICS. 


CLINGING a | as 0 
COLLOIDS ( [ 








COMPRESSOR 
LUBRICATION 





CF ee ee ee ee ee ee ee ee ee ee es 


December, 1946; Page 1147 





AND WIRE 
DRAWING DIE 
TROUBLES 






















LONGER 
CUTTING 
TOOL LIFE 









more numerous than is generally known. 

And that’s just why the booklets listed below 
have been compiled—to tell the men who need to 
know exactly how, exactly why and exactly where 
**dag’’ colloidal graphite dispersions can profit- 
ably assist in specific industrial operations. 

They're free, of course, and are mailed to you 
without obligation as part of Acheson Colloids’ 
broad service activities. 
























- 
| | 
| 

ACHESON COLLOIDS CORPORATION 

PORT HURON, MICHIGAN DEPT. MM-10 

Please send me without obligction, a copy of each of the bulletins checked. . 

460 NAME , 

421 POSITION ! 

FIRM__ | 

422 

ADDRESS | 

423  —_— ZONE STATE. | 
| 

431 OUR PRESENT OL SUPPLIER |S 

(Lubricants containing “dag” colloidal graphite are | 

432 available from major oil companies.) 

a 











homely 
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object . . 


a SHOVEL 


evens 


A MARVELOUS EXAMPLE 


WHAT MOLYBDENUM DOES FOR STEEL 


For rough and tough uses, the durability of some 
objects of modern manufacture is incredible, even 
when you see it demonstrated. A truck tire, for ex- 
ample. Or a supremely good shovel. How could 
there be anything so robust and defiant of hard usage 
—so nearly indestructible? Yet there it is! 

In any such case there must be some key factor or 
singular ingredient to account for the demonstration. 
In shovels, it's Molybdenum. Judiciously used, at 
very little added cost, it causes them to ““outwear and 
outlast” any others, wherever and however made—so 
says the bold challenge of the manufacturer. 

Larger and more diversified use of alloying materials, 
for heavy mechanical and structural purposes as well 
as for highly specialized and technical ones, has 
been justified by recent experience. 


MOLYBDENUM 


The Molybdenum Corporation, as a supplier of 
Molybdenum, Tungsten, and other alloying materials, 
has prepared informative literature and is glad to be 


consulted by any user. 


Master 
Crart 
ALLoys 


AMERICAN Production, American Distribution, American 
Control, Completely Integrated. 
Offices: Pittsburgh, New York, Chicago, Cleveland, Detroit, 
Los Angeles, San Francisco, Seattle. 

Sales Representatives: Edgar L. Fink, Detroit; Bromley-Donald- 
son Co., Los Angeles, San Francisco, Seattle. 
Subsidiaries: Cleveland-Tungsten, Inc., Cleveland, O.; General 
Tungsten Manufacturing Co., Inc., Union City, N. J. 

Works: Washington, Pa.; York, Pa. 
Mines: Questa, New Mexico; Yucca, Ariz.; Urad, Colorado 


CORPORATION OF AMERICA 


GRANT BUILDING PITTSBURGH, PA. 
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THE NEW ARITHMETIC IN STEEL 








Are You Wrestling with Manufacturing Problems? 
You Can Get More Products per Ton—Better Products 
per Ton— with N-A-X HIGH-TENSILE Steel 


Manufacturing experience proves it true: N-A-X HIGH-TENSILE steel 
enables the average user of hot- and cold-rolled sheets to increase pro- 
duction of units 33° without increasing steel consumption. 


With this low-alloy, high-tensile steel, less metal is required for each 
unit. Sections are thinner, yet have equal strength and greater durability. 
This saving may well make it possible for you to produce four parts 
where you normally produce three. 


N-A-X HIGH-TENSILE steel can be drawn and formed to intricate shapes. 
It has excellent weldability, high fatigue- and corrosion-resistance and 
great impact toughness. These superior qualities bring you not only 
a better product—but also important economies in handling, fabricating 


and finishing. 


The full extent to which N-A-X HIGH-TENSILE can 
increase and improve your production depends, 
of course, on your own particular products and 
methods. Our metallurgists and engineers will be 
glad to help you investigate fully. 


GREAT LAKES STEEL 


onsieehnel N-A-X ALLOY DIVISION + DETROIT 18, MICHIGAN 
a UNIT OF NATIONAL STEEL CORPORATION 
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ISSUED MONTHLY BY R-S PRODUCTS CORPORATION, PHILADELPHIA 44, PA. FOR THOSE CONCERNED WITH QUALITY HEATING OF METALS 





Old hands in the American Society for 
Metals (then called the Steel Treaters ) 
will remember this particularly famous 
group of 1923 furnaces. The Bureau of 
Mines took movies of them; “Mike” 
Watson, metallurgist for the user com- 
pany (American Gear & Mfg. Div. of 
Hupp Motors) toured ASM chapters and 
technical colleges giving speeches about 
them; and Professor Trinks wrote the de- 
tails of their design into his now-famous 




















































texts (see, Industrial Furnaces, Vol. II, 
2nd ed., Figs. 250, 253, 256 and 279). 


Why so famous? 


Well, Sir, this family of four R-S fur- 
naces made up the very first continuous, 
automatic heat treating line for automo- 
tive parts—and started the era of produc- 
tion-line heat treating we know today. 


Here's the job they did. They took an 
endless stream of Hupmobile steering- 
knuckles and axle forgings through the 
harden-quench-and-draw cycle by fully 
mechanized means. The axle hardening 
furnace was an early walking-beam type. 
Other units in the line employed chain- 
conveyor and continuous-belt handling. 
All were oil fired. Temperature control 
was automatic. In fact, so young was 
automatic temperature control in 1923 
that R-S had to build the control valve 
itself—one of the first such valves. 


23 Years Ago...anR-S “‘First’’ 
which Started an Era 


Our point is this! R-S has been around 

for a long time—with progressive, but 
i pro; 

practical, design sense of the brand that 























makes improved production ideas work. 

And if you study the photos closely, 
you'll see that the same principles of con- 
struction (geared door hoists, chain take- 
ups, ample expansion provisions, etc.) 
which characterize good furnace design 
today, characterized R-S methods ‘way 
back in the early days of 1923. 

















ON BUYING 
FACTORY-BUILT FURNACES 


A furnace not built on your premises 
May become, without warning, a nemesis. 
Hidden faults of erection 
May pass your inspection, 
And assert themselves later —with emphasis. 


But buy it, instead, from R-S, 

And its “‘insides’’ you won't have to guess. 
You can kibitz the making; 
See the care we are taking 

To keep year-round maintenance less. 











Furna men scem to like 
have to do with the business. Since starting 
to print them this Fall (see the October 
and Novem FURNACE FACTS), we 
hind that chere re several bards-of -the 
craft If you're limerick-looney too, send 
in your contributions, We'll print them 


limericks that 








Tip on Z 
Oil Burner Piping 


Be sure that oil branch lines approach 
burners from below. Let the air lines 
come down from above. Then, if shut-otf 
valves leak or jam, drainage is in the 
right direction. Imagine what could hap- 








pen when you light 
your furnace after oil 
has leaked into the 
furnace chamber dur 
ing periods of shut 
dow n. 

It’s details like this 
which have earned the 
respect the R-S na: 
plate enjoys. 





... and Here’s the Man 
Who Designed Them 


Meet our own vice president and chief 
engineer, D. E. Wyman, who designed 





the Hupp axle and knuckle furnaces 
which started the era of continuous se- 
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quence heat treatment above discussed 
For those who don't yet know Mr 
Wyman, despite 33 years in industrial 
furnace design, it will be worth noting 
that, in addition to being the father ot 
the famous Hupp harder-quench-and 


draw lines of 1923, he cesigned the 
Navy's first ordnance furnaces at Pear! 
Harbor; led the R-S engineering crew 
during two world wars; is an authority 
on rotary, pusher and conveyor furnace 
construction; knows how products be 
have under heat (from copper spark- 
plug gaskets in the annealing range t 
forging ingots at 2300°F or hundred-ton 
weldments being stress relieved ) ; and has 
done outstanding development work « 

materials handling mechanisms for hig 
temperature service. 

Since 1913 he’s been active at meta 
men’s meetings and furnace-men’s roun:' 
ups — but mostly he’s home at R-S | 
Philadelphia working for you — makin 


good furnaces better. JML co P-M 















































C-GRADE 


srades than the A, B, Cs 


The A, B, C’s which appear 
as identification ona grind- 
ing wheel help simplify 
proper grade selection. By 
clearly showing relative 
hardness, they make your choice quicker, 
easier...aid in assuring the right grade 
for the job. That's one reason wheels 
by CARBORUNDUM are plainly 
marked. But, there’s more to it than 
the old chestnut, ‘‘the softer the metal, 
the harder the wheel.”’ It’s not that easy. 





You realize, for instance, that wheel 
sp-cditself affects grinding action. The 
same grade reacts differently at various 
speeds. The condition of the machine 
and the amount of vibration can make 
a difference. Desired finish...required 
tolerance must be considered. Coolant 
conditions vary. The actual type of op- 


A good rule for good grinding... CALL IN 


CARBORUNDUM 


TRADE | MARK 


| 


2 

| 0 
Y 

H-GRADE 


R-GRADE 


There’s more to grinding 


eration —snagging, surfacing, internal 
grinding or whatever it is—influences 
practical selection. 


Yes—there are many important factors 
to check before you can be sure of the 
right grade designation for the job 


That's why we suggest consulting your 
CARBORUNDUM salesman or our 
distributor's representative. These men 
work throughout the year on a wide 
variety of grinding problems. They are 
familiar with grinding in production... 
in tool rooms...wherever it is used. 
They have practical knowledge and ex- 
perience to help you pick exactly the 
wheel you need for the job. 


Assisting these representatives in the 
field are our Abrasive Engineers. Spe 


cialized experts, they are equipped to 








| 


ABRASIVE WHEELS COATED AND 


BONDED ABRASIVES 


Silicon Carbide 
\luminum Oxide 


Diamond 


Cylinder Hones 


Sticks, Stones & Rubs 


Specialties 


Paper and Cloth 
Combinations 


Sheets, Rolls, Discs 


ABRASIVE GRAINS 
AND COMPOUNDS 


for 

Polishing 
Lapping 

Pressure Blasting 


Finishing 
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analyze uncommon problems. .recom- 
mend sound solutions. And, here in our 
modern laboratories are scientists and 
technicians who are working on the 
application of abrasive developments to 
changing grinding practices. 


This three way route to better grinding 
is easy to use. No obligations are in- 
curred, Merely talk “grinding” with a 
CARBORUNDUM representative. Hell 
be glad to assist you. The Carborundum 


Company, Niagara Falls, N. Y 









"Carborundum”" is a 
registered trademark which 
indicates manufacture by 
The Carborundum Company 
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Inspection with MAGNAFLUX* 
Protects Prestige ...and PROFITS 


@ To meet the challenge of keener competi- 
tion .. . to successfully combat soaring pro- 
duction costs . . . make Magnaflux your first 
line of defense. Inspection with Magnaflux 
of parts cast, forged, or machined of ferrous 
metal assures a product that’s right—with 
the right profit for you. 


Quickly, accurately and economically, 
Magnaflux locates the major causes of trouble 
— shrinkage cracks, blow holes, porosity 


and many other surface and sub-surface 
defects — exposes these threats to customer 
goodwill before they are found through fail- 
ure. Equally important, Magnaflux eliminates 
wasting time and labor on costly machining 


of unsound components. 


Now, more than ever, your successful 
operation calls for the positive quality control 
assured by non-destructive Magnaflux ... 
Write today for full details. 


* Magnaflux, Reg. U.S. Pat. Off.,a trade mark of Magnaflux Corporation 
applied to its equipment and materials for magnetic particle inspection. 


MAGNA FLU X 
5$10 Northwest 


New York . Detroit 


¢c oR PORAT #4 
Highway, 


Dallas 


Oo N 
Chicago 31, Illinois 


° Los Angeles ° Cleveland 
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How could the wearing surfaces of brake dies measur 
ing up to 20 feet in length be efficiently hardened? Be- 
cause of the distortion difficulties due to the length of 
the dies, furnace hardening and salt-bath hardening 
were out of the question. This was the problem re- 
ferred to G-E engineers by the Dreis & Krump Manu- 
facturing Company in Chicago. 


After carefully analyzing the production require- 
ments of this company, G-E heating specialists scored 
an electronic double play. The dies to be hardened are 
passed under the work coil of a G-E electronic heater 
by a G-E Thy-mo-trol-controlled carriage. Since the 
Thy-mo-trol drive equipment is connected into the 
plate circuit of the electronic heater, the speed of the 
carriage varies directly with the power output of the 
electronic heater. Thus, with this controlled carriage 
speed and power-output ratio, the brake dies are hard- 
ened uniformly, with close depth control, and with 
minimum distortion. Also, Dreis & Krump are now 
producing a better product at a cost considerably 
lower than that of any other previous method of die 
hardening. 


Perhaps your heat-treating operations could be sim 
ilarly improved in speed, quality, and economy with 
G-E equipment and expert heat engineering. We shall 
be glad to furnish you with detailed information on G-E 
electronic heaters and to make specific recommenda 
tions for their application to your individual require- 
ments. Just fill out and mail the coupon. 


GENERAL { ELECTRIC 





G-E ELECTRONIC HEATER and THY-MO-TROL DRIVE 
SOLVE DIFFICULT DIE-HARDENING PROBLEM 
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DOUBLE PLAY 
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Brake-die weering surfece (above), passing under G-E electronic heater's 
work coil and inte quench shoe for hardening. 


Detail of electronic Thy-mo-tro!l equipment (below), for regulating carriage 
speed with heeter's power output. H 





gam@emueemeemeaeaseseeeeunss ®& 
Appeoretus Dept., Sec. H675-145 


General Electric Company, Schenectady 5, [). Y. 


My heat-trecting problem is 


Please have a G-E hecting specialist get in touch with me 
Please send me the following free bulletins 

GEA-4284A “G-E 5-Kw Electronic Heater” 

GEA-4637 “G-E 20-Kw Electronic Heater” 

GEA-4348 “G-E 50-Kw Electronic Heater" 





Nome 
Company 
Address 
City 





State 
R744 





Drilling and milling to 
these close tolerances was 
once a prize headache. 
But now each operation is 
done faster because of 
the consistent uniformity of 
Carpenter Free-Machining 
Stainless No. 5. 


' ~ N \ A oe 
wr" 


Lf) 


7 


You Can Turn It Out flew 


with Carpenter Free-Machining Stainless 


The point on this carburetor needle is made to close tolerances and the needles 
are produced economically, thanks to the easy machining properties of Carpenter 
Stainless No. 5. The special cold drawn shape as supplied from the mill also 
reduced the total amount of machining needed on the job. 


On this job the manufacturer got more than the corrosion resistance and strength 
of Stainless when his orders specified Carpenter Free-Machining Stainless No. 8. 
Its uniform machinability from lot to lot saved fabricating dollars every day. 


[+———— 1.6562" 


& 
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e Easier Stainless Fabrication 
e Lower Unit Costs 


Here is a way to keep your Stainless machining costs in 
line, even when jobs are intricate and tolerances close. 


Helping you to machine parts from Carpenter Stainless at less cost is 
as much a part of our work as the making of uniform, easy-cutting 
Stainless Steels. So whenever you run up against a problem of selecting 
and working with the Stainless that will do your job best, make full use 
of our experience. Your nearby Carpenter representative can give 
you personal help in the shop and supply you with printed informa- 
tion to help you shave costs on each Stainless machining operation. 
For example... 


Here’s Complete Information To Help You Machine Stainless Steel At Less Cost... 


This NOTEBOOK contains useful information, much of 
it never before published. It will give you hints to take the 
kinks out of Stainless machining jobs, reduce rejects and 
cut costs. In each chapter you'll find a complete Check 
Chart that lists common “trouble spots”, and gives shop 
tips on how to cure them. 

Your nearby Carpenter representative will be glad to give 
a personal copy of the “NOTEBOOK on Machining 
Stainless Steels” to Production and Management Execu- 
tives. And after you have used the NOTEBOOK, if you 
want additional copies for the men in your plant, they 
can be secured at 50¢ apiece. 


THE CARPENTER STEEL COMPANY, 133 W. Bern St., Reading, Pa. 


er 





STAINLESS STEELS 


PROMPT SHIPMENT FROM CONVENIENTLY LOCATED STOCKS 


Buffalo Cleveland Hartford Philadelpma 
Chicago Dayton Indianapolis Providence 
Cincinnati Detroit New York St. Louis 


SEE THE CLASSIFIED SECTION OF YOUR TELEPHONE DIRECTORY 
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Cunbeam 


STEWAR]| 


THE BEST INDUSTRIAL FURNACES MADE 





For HEAT TREATING HEX-SOCKET SCREWS, 
PLUGS, PINS and EXTENSIONS 


at the Allen Manufacturing Company, Hartford, Conn. 


ATMOSPHERE GAS 
rt GEMERATING UNTT 


¥ 
PROPORTIONING TYPE 
AUTOMATIC TEMPERATURE 
CONTROL VALVES 


COVERED QUENCH TANK 





New Sunbeam Stewart Fully Automatic and Completely Atmosphere Controlled Continuous 
Hardening, and Tempering Installation at the Allen Manufacturing Company. This furnace does 
work that formerly required six rotary furnaces . . . eliminates the expensive degreasing 
operation between hardening and tempering 


For the important job of securing hard and tough structure together with a 
uniform deep carbon black color for their famous Hex-Socket screws, the 
Allen Manufacturing Company chose a Sunbeam Stewart Fully Automatic 
and Completely Atmosphere Controlled Continuous Hardening, and Tempering 


Furnace Unit. 


Loading end of the Sunbeam Stewart Atmos- 
phere Controlled Hardening Furnace, show- This Sunbeam Stewart installation has simplified Allen's heat treating process. 


ing bucket hopper designed by Alien engi- 
neers to save labor and insure uniform 
loading. greasing operation between hardening cnd tempering. 


It has replaced a gang of rotary furnaces and overcome an expensive de- 





Allen Hex-Socket screws, etc., are conveyed through the Sunbeam Stewart 
Atmosphere Controlled Hardening Furnace. The load then drops into the convey- 
orized Quench tank. Next, a conveyor carries the load through the Sunbeam 
Stewart Atmosphere Controlled Draw Furnace. The load now drops into a second 
quench tank, and another conveyor carries it to the discharge. These Sunbeam 
Stewart furnaces are designed to operate on manufactured gas and have a 
capacity of 800 Ibs. per hour. All fuel, air, cooling liquids and the furnace 
atmosphere are under automatic control. 

This installation is typical of the industrial furnaces Sunbeam Stewart eng 
neers are building every day to meet the specified requirements of manufac- 


Discharge end of the Sunbeam Stewart Draw turers all over the continent. In addition, Sunbeam Stewart builds a full line 
Furnace. The work has a clean, scale-free 
surface and a uniform. deep carbon-black 
color. 


SUNBEAM STEWART INDUSTRIAL FURNACE DIVISION of SUNBEAM CORPORATION 


(Formerly CHICAGO FLEXIBLE SHAFT CO.) 

Main Office: 4433 Ogden Ave., Dept. 108, Chicago 23, 11!.— Canada Factory: 321 Weston Rd., So., Toronto 9 
A letter, wire or ‘phone call will promptly bring you information and details on SUNBEAM STEWART furnaces, either units for which plans are now ready or units 
especially designed to meet your needs. Or, if you prefer, a SUNBEAM STEWART engineer will be glad to call and discuss your heat treating problems with you 





of standard furnaces. 
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HOW TO LICK A PROBLEM 
IN A FEW STEPS 





Let's say some change in your product design, production schedule or fabricat- 
ing methods gives you a steel problem. It may involve metallurgy, delivery, 


finish, gauge or width—any of a score of “variables” in specifications. 


At Weirton, the solution is only “a few steps” away. For the Weirton Steel 
Company is an integrated mill, with all phases of operation centralized 
and coordinated under one roof. Metallurgist, production man, sales- 
man and shipping supervisor can get together on short notice to give 

your problem prompt attention. 

Weirton customers recognize this benefit as the “plus factor” 

in Weirton steels —Weirite, Weirzin, Weircoloy, Weiralead, 

hot and cold rolled strip, sheets and ternes, cold rolled 


spring steel, N-A-X High-Tensile. 








WEIRTON STEEL CO. 


WEIRTON, W.VA. Sales Offices in Principal Cures 


Dirision of NATIONAL STEEL CORPORATION Executuce Offices Putshurgh, Pa 





a 


3} REASONS 


Why WESTINGHOUSE Uses INCONEL 
for NITRIDING Furnaces 








W; STINGHOUSE found that many alloys wouldn 
do for a nitriding furnace’s metal hood and rack 
When ammonia is dissociated (900 to 1100 | 

nitrogen is released—and many alloys quickly absor! 
it. They become embrittled, causing metal failures 


Then production stops...repairs and replacem 


are costly 


Westinghouse decided to use Inconel*. Why? B 
cause Inconel, in high temperature nitriding atmos 
pheres, couldn't be matched! 

@ Inconel absorbs nitrogen superficially only and 


not harmfully. Thus it provides lasting nitriding 
service. 





@ Inconel’s 80 nickel — 14 chromium content resists 
oxidation, lends strength, ductility and thermal 
endurance. 


Nitriding equ pment by Westy 


ges 
“Excellent results! 


MPANY, 
D MOTOR CAR CO d racks used in the 


reported from Inconel hoods and rr Ided from I ! b il i 
ae ankshafts. Hoods were gas-tight we @ Inconel can be easily formed and welded into 
cr 


vacks, from Inconel bar and tubing gas-proof hoods and durable racks. 


At PACKAR 
nitriding of 
Inconel sheet; 
You can readily understand why Westinghous 
standardized on Inconel. Nitriding furnaces installed 
before the war—with Inconel hoods and racks—are 


sull in service today 


INCONEL CAN HELP YOU 


If Digh temperatures are a problem, investigate Inc 


nel. Chances are good that Inconel will out-pertot 


the metals you are now using in your plant 


Write for your copy of 


“FOR LONG Lire at HIGH TEMPERATURES” 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N. Y. 


; “ nae . 5 
RIGHT AERONAUTICAL CORPORATION, Inconel hoods U) fs 
Ww 


Inconel is especially recom- (80 NICKEL - 14 CHROMIUM 
, sist 
: ngth and re 
maintain stre 


At 
and racks set se 
mended where equipment mus 


oxidation at high temperatures. —for long life at high temperatures 


rvice records 


1] 
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Established in 1898, Tate-Jones and the advancements in 
methods of heat treating with gas and oil have been parallel. 
To meet the rigorous demands requiring exact applications 
of heat with maximum efficiency in fuel and time, Tate-Jones 
has used Spencer Turbos since 1919. 





Heat treating engineers of experience recommend Spencer 
Turbos primarily because of three accepted facts: 


lt is the simplest and sturdiest type of blower available for 
gas and oil-fired service. 

It provides constant pressures automatically, without surges, 
without vibration or noise. 


It maintains high efficiencies at all loads and therefore a 
high overall-operating efficiency. 


Standard sizes from 35 to 20,000 c.ft.; '/3 to 300 H.P.; 
8 oz. to 5 Ibs. Single or multi-stage, two or four gearing. 
Special gas-right and non-corrosive construction available. 


Ask for the Turbo Data Book and Bulletins. 








THE SPENCER TURBINE COMPANY 
HARTFORD 6, CONN, 


SPENCER TURBO-COMPRESSORS 


20w 
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PROPERTIES 


INSULATING BRICK 


to permit you to select the Insu- 
lating Fire Brick with the correct 
balance of thermal and physical 
properties for each service in 
your plant. 


INSULATING FIRE BRICK AND FIREBLOK 





Sil-O-Cel 
Natural 


SH-0-Cel 
C-22 


Sil-0-Cel 
Super 


IJM-1620 


IJM-20 


IJM-23 





Density—ib. per cu. ft. 


40 


29 


35 


42 


48 





Transverse Strength—ib. per sq. in. 


140 


m5 


60 


80 


120 


125 





Cold Crushing Strength— 
ib. per sq. in. 


400 


700 


70 


m5 


170 


190 





Linear Shrinkage—Percent 


1.4 @ 1600F 


2.0 @ 2500F 


0.0 @ 2000F 


0.0 @ 2000F 


0.3 @ 2300F 


1.0 @ 2600F 





Reversible Thermal Expansion— 
Percent 


0.1 @ 1600F 


1.3 @ 2000F 


0.5—0.6 @ 2000F 


0.5—0.6 @ 2000F 


0.5—0.6 @ 2000F 


0.5—0.6 @ 2000F 





Conductivity at Mean Temperature 
SO0F 
1000F 
1500F 
2000F 


" a. 
1.01 67 
1.13 (79 
1.24 =. 


1.70 
1.95 
2.19 
2.45 


77 
1.02 


7 
1.22 
1.47 
1.72 


1.51 
1.91 
2.31 
2.70 


1.92 
2.22 
2.52 
2.82 





Recommended Service 
Back Up 
Exposed 


1600F 


2000F 


2500F 


2000F 
1600F 


2000F 
2000F 


2300F 
2300F 


2600F 
2600F 





Recommended Mortar for Setting 
Brick 





Sil-OLel 
Mortar 





Sil-0-Cel 
Mortar 





Sil-0-Cel 
Super Brick 
Mortar 





J-M No. 1626 
Cement 





J-M No. 1626 
Cement 





J-M No. 1626 
Cement 





J-M No. 1626 
Cement 





Note: 


L Above tests ore in accordance with ASTM tentative standards. 


3.!| —with heat flow porallel to brick strato. 


2. Conductivity is expressed in Btu in. per hr per sq ft per deg F at the designated mean temperatures. 


No one brick can perform properly under 
all steel mill service conditions. That's why 
Johns-Manville makes seven types of Insulat- 
ing Brick and Insulating Fire Brick. Each is 
designed for a specific job . . . and engineered 
to do its job with maximum efficiency. 

The three J-M Insulating Brick provide 
great structural strength; the four J-M Insulat- 


JOHNS-MANVIL 


1 —with heat flow perpendicular to brick strata. 


ing Fire Brick combine strength with excep- 
tional resistance to spalling. All offer the 
advantages of light weight and low conductiv- 
ity. They are recommended as back-up insula- 
tion or insulating fire brick for all industrial 
requirements. 7 
For complete details, write Johns- & 
Manville, Box 290, New York 16, N.Y. U 


SULATIONS 
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“HOW-TO 





Bring your workers up to date on these 
four methods of joining Alcoa Aluminum. 
These new films are available for both 
16 mm. and 35 mm. sound motion picture 
projectors. May be borrowed or purchased. 
Call the nearby Alcoa office. Or write 
ALUMINUM COMPANY OF AMERICA, 2101 
Gulf Building, Pittsburgh 19, Penna. 


me Be ee err yy Se 
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Theyre NEW... 






FORM 


ALCOA 




















*Write Today, 


telling what metal you cast 
and we will send complete 
LESTER-PHOENIX data. 





DIECASTINGS 
THERE S A Séoz IN YOUR PLANT 
FOR A Lester- Phoenix MACHINE 


@ Every manufacturer and diecaster who knows LESTER equipment 
will find a spot for the new LESTER-PHOENIX machine. 


® They know that LESTER-PHOENIX diecastings are smooth, 
dense, low in porosity . . . that LESTER-PHOENIX sets new produc- 
tion records and lowers production cost. 

® Partial list of “firsts’’ on the new LESTER-PHOENIX diecasting 
machines: One-piece, cast alloy steel frame... Largest and strongest 
die-height adjusting screw ... Faster die opening and closing... 
Four metal-to-metal columns keep die closed... Independent 
control of both injection speed and injection pressure . . . Highest 
final pressure until casting chills .. . Positively supported platens 
eliminate flash — and make better castings for you. 


LESTER-PHOENIX, INC. 


2619 Church Avenue e Cleveland 13, Ohio 


DIE CASTING MACHINES 
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Used for spinning yarn in a modern rayon plant, 
these stainless steel cylinders represent but one 
of many applications for long-lasting ENDURO. 
Others include dyeing and bleaching equipment, 
agitators, dry cans, fulling machines, reels and 
sizing equipment. 


Universal accepance is an old story with Republic ENDURO 
Stainless Steel in all branches of the textile industry. 


Right from the start, textile men welcomed the remarkable 
ease of cleaning which characterized dyeing equipment made 
of smooth, lustrous ENDURO. They were quick to recognize 
the inherent advantages of a material which assured “true” colors 
. . . eliminated danger of contamination in switching from 
dark to light colors. 


Now, after many years of service in large and small plants, 
countless installation records conclusively prove the complete 
dependability, economical maintenance and long, trouble-free 
life of equipment made of Republic ENDURO Stainless Steel. 


For complete information, write to: 


REPUBLIC STEEL CORPORATION 


Alloy Steel Division « Massillon, Ohio 
GENERAL OFFICES @ CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York, 17, N.Y. 





ENDURO STAINLESS STEEL 


Rex. U.S. Pat. OF 





Other Republic Products include Carbon and Al 
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Lockheed P-80 Shooting Star. 
Photo courtesy of Lockhe: 
Aircraft Corporation 


demands the best... 
that’s why 


ACCOLOY Stainless Steel Castings 


are specified 





Since the inception of the JET ENGINE Program. 
Alloy Casting Company has had the privilege of 
working with several of the JET ENGINE manu- 
facturers in the development of High Temperature 
materials to withstand the rigid requirements of 
cyclic heating and cooling. Much of this develop- 
ment work still remains secretive. 


The photograph at left illustrates a_ special 
STAINLESS STEEL casting spun at 2 MILES PER 
MINUTE in a metal die. Parts machined from this 
tube had to withstand the most rigid specifications 
ever set up for a casting. The shroud rings are 
CENTRIFUGALLY cast to tolerances heretofore 
unheard of in the casting industry. 


















JET PROPULSION castings are just one of the 
many phases of our development work. Consult 
us on your HEAT and CORROSION problems. 


Next time call an AG@COLOY engineer. 


ALLOY CASTING COMPANY 
CHAMPAIGN, ILLINOIS  i°vces.°Ge: 
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INSIDE RIVERSIDE 


The excellent distribution facilities in 
the Riverside area, help us to give our 
customers giant-stride delivery service. 











THE 


a Py ~ “ 
« 
to OY Dp ta) 6) D 


NEW YORK H 5 


RIVERSIDE 

















UPPORTING a 2-ton roller, vibrating 500 

times per minute is no job for weak-muscled 
metals. In the breast roller section (above) of the 
Fourdrinier (paper making) machine Beryllium 
Copper ‘‘shake springs’’ must hold an oscillating 
two-ton roller and do it without buckling, corrod- 
ing, crystallizing or requiring frequent nursing by 
the maintenance squad. 


Pusey and Jones Corporation, one of the top manu- 
facturers of paper machines, picked Riverside 
Beryllium Copper for shake springs after testing 
many other materials. 


Riverside Beryllium Copper has unusually high 
strength and excellent hardness, extraordinary re- 
sistance to wear, fatigue and corrosion. 


Get more information about the many advantages 
of Riverside Beryllium Copper, also get data on 
Riverside’s two other alloys, Nickel Silver and 
Phosphor Bronze by writing for catalogs of all three. 


n> 8 Di We Fe OL 8D 8 LY OD 


© NEW JERSEY HAR 


CLEVELANE 
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This Present Age . . 5 


THE 
17; 


STEEL, PEECH & TOZER, SHEFFIELD 
SAMUEL FOX & CO. LTD., SHEFFIELD 
UNITED STRIP & BAR MILLS, SHEFFIELD 


In the forefront of our plans for the 
future we place the training and 
education of every youth who enters 
our organisation. Schemes are in 
operation and there is already an 
equal opportunity for all who desire 
to avail themselves of the facilities 
provided. Science, technology and 
commercial knowledge are the three 
great requirements of industry. It 
will be our privilege to ensure that 
these aims are rightly and efficiently 
fostered within the framework of the 
national educational policy. By the 
pooling of knowledge for the com- 
mon good, industry is fulfilling one 
aspect of its rightful service to the 
nation. For a boy of intelligence and 


imagination, apprenticeship to the 
iron and steel industries provides 
training for a life’s work requiring 
initiative, technical knowledge of a 
high order and the ability to under- 
stand one’s fellow men. The 
successful organisation of many 
thousands of workers presents prob- 
lems of understanding in human 
affairs equal to the technical 
problems of economic production. 
Industry is a major part of our social 
life as well as the means of national 
wealth, therefore the discipline of 
education provides the means for 
developing those talents with which 
each one is endowed, and ulti- 
mately enriching the inheritance of 
the country wiiose citizens we are. 





UNITED STEEL COMPANIES LIMITED 


WESTBOURNE ROAD ., 


APPLEBY - FRODINGHAM STEEL CO. LTD., SCUNTHORPE 
WORKINGTON IRON & STEEL CO.., WORKINGTON 
UNITED COKE & CHEMICALS CO. LTD., CUMBERLAND 
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SHEFFIELD 


THE ROTHERVALE COLLIERIES, TREETON 
THE SHEFFIELD COAL CO. LTD., TREETON 
THOS. BUTLIN & CO., WELLINGBOROUGH 


Io 
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INVESTIGATE AND INSIST ON 
PROOF BY TRIAL — WITH AUTOMATIC 
OR HAND-OPERATED APPARATUS 


Have you soldering, brazing, surface-hardening, annealing or other 
heat-treating operations? Or do you use heat to treat non-metallic 
substances such as plastics, plywood, rubber, etc.? 


It is quite possible that you can use electronic heating apparatus 
for these operations, profitably replacing older and slower heating 
methods. The savings and increased efficiency are decidedly worth- 
while. The speed-up in production is as great as 700% in some 
instances. Work that formerly took minutes or hours now requires 
only SECONDS. 


Investigate the possibilities of high frequency heating for your 
production. But be sure to get plenty of sound experienced advice 
before you buy. Don’t just buy a ‘‘machine.’’ Let our engineers 
prove to you by actual demonstration under your own conditions, 
how Scientific Electric equipment fits your exact needs. Remember, 
there is no such thing as an all-purpose electronic heater. Each 
individual operation and each factory production set-up requires a 
specific type of installation, with the proper combination of fre- 
quency and power output. Consult us without obligation. We will 
engineer the right installation to your particular requirement. Buy 
nothing till we’ve PROVED IT BY TRIAL for you. 


NOW — IMMEDIATE DELIVERY 


Sc Ye EL 7 
Scientific Electric Electronic Heaters 








are made in the following range of power 
1—3—5—7&%—10—12 4—15 —18—2° 


40—60—80—100—250 KW. — end renge 
of frequency up to 300 Megacyciles depend 
ng on power required 
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Specithy MISCO 


HEAT AND CORROSION RESISTING ALLOYS 
IN ROLLED MILL FORMS 


When you need rolled heat and corrosion re- 
sisting alloys check our inventory list first. 


We have 800,000 Ibs. of warehouse stocks 
ready for you in the following analyses: — 


MISCO METAL ... . 35 Nickel - 15 Chromium - Type 330 
MISCO K 25 Chromium - 20 Nickel - Type 310 
MISCO B 25 Chromium - 12 Nickel - Type 309 
MISCROME 3 27 Chromium - Type 446 


Over 200 sizes are on hand for immediate shipment upon receipt of your order 


SHEETS 4 sizes in 6 gauges @ HEXAGONS 5 sizes 


PLATES ......... 3 sizes in 4 gauges === FLATS 19 sizes 


ae 
@ rounps | O pipe 9 standard iron pipe sizes 


SQUARES. . © wuts 5 U.S. standard sizes 
=—_ii WELDINGROD __. 5 sizes in 8 alloys—Gas and Arc 


For ready reference send for our monthly inventory list and Warehouse Price Book 
TELEPHONE FITZROY 1545 
ROLLED PRODUCTS DIVISION 
Michigan Steel Casting Company 


One of the World’s Pioneer Producers of Heat and Corrosion Resisting Alloys 
1999 GUOIN STREET + DETROIT 7, MICHIGAN 
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Jor Heavy Cy Freged Shifting 
yse JALLOY For LONG SERVICE 





_— piiaal 


Jalloy is a special alloy steel, made by Jones & Laughlin for 


machine and equipment parts that must stand up under the 
most severe operating conditions. [t is ideal for shafting that 
is subjected to repeated shocks, torsion and dynamic stress. 
Jalloy is readily forged and heat treated. Write today for 


information. 


JoneES & LAUGHLIN STEEL CORPORATION 


PITTSBURGH 30, PENNSYLVANIA 
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Here’s a compact, 1-kw unit that brings all the advantages 
of electronic heating to small soldering and brazing jobs. 
It puts repetitive, manual operations on a “push-button” 
basis; serves for continuous or conveyor applications. 


BOOSTS OUTPUT, CUTS COSTS, IMPROVES QUALITY 
Look at the record: Using high-frequency heating, 
condenser-can soldering was increased from 100 to 2500 
units per hour. A complicated, expensive assembly opera- 
tion on loudspeakers became a simple, ten-second job. A 
manufacturer of small motor rotors boosted output 400 
per cent. In these and many other cases, electronic heat 
helped do the job faster, cleaner, better, at less cost. 


CONVENIENT, EASY TO OPERATE, PRECISION CONTROL 


The Model 1-AL is divided into two units to save working 
space. Only the applicator (above, left) is needed in the 


work area; the generator can be located up to 25 feet away. 





ZLECTRONIC HEATING 


RADIO CORPORATION 


of AMERICA 


ENGINEERING PRODUCTS DEPARTMENT, CAMDEN, H.J. 


In Canada: RCA VICTOR Company Limited, Montreal 








Suitable work coils are connected to the applicator and 
fitted to the part to be soldered or brazed. A single switch 
starts the generator. Output can be varied by a single 
control at the applicator. No manual tuning is required. 
A “universal” output transformer provides a match for 
any load and keeps the work coil at a safe, low voltage. A 
foot-switch starts the heat cycle; a work-interval timer 
provides automatic shutoff. Thus the operator has free use 
of hands during this period. “ON-OFF” push buttons are 
provided on both the applicator and generator for con- 
venience and manual control when desired. 


Accurate output control and precision tuning assure 
unvarying heat cycles. Power can be concentrated and 
focused on exactly the area desired—and to just the right 
depth. When soldering, the base metal is heated directly 
and the metal in turn melts the solder. “Cold” soldered 
joints Cannot occur; uniformity is assured. 


pooceeee: FOR QUICK FACTS USE THE COUPON-~~-~~~~- 


Radio Corporation of America 
Dept. 53.1, Electronic Apparatus Section 
Camden, New Jersey 


Please send us complete information on the new RCA 1-AL 
electronic power generator for fast, low-cost soldering and 
brazing. We have the following application in mind 


Application 


Name__ litle 


Company 
ee  itcerncmeiniicnns — = _ 


City Zone _State__ 
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Fishing reel parts requiring spe- 
cial wearing quality—drive gear, 
level wind, and level wind gear 
— are made of Ampco Metal 
extruded rod by Hurd Lock & 
Mfg. Co., Detroit, Michigan, 





To cut production costs and improve part-performance 


use Ampco Metal extruded rod 





When you specify metal for critical parts, it pays to consider the 

double advantage of using Ampco Metal extruded rods — in- 
creased production savings for you, and improved part-perform- 
ance for your customers. 


Double advantage 
of Ampco Metal 


extruded rod... Ampco Metal is an aluminum-bronze type alloy with superior 
wearing qualities ideal for parts subject to impact and fatigue, 


Production savings of compression, and corrosion. 
extruded stock 
Ampco’s extrusion press is one of the largest in the middle- 


a ee TN west and one of the few in the world devoted to the extrusion of 


waste. 


aluminum bronze. Extruded Ampco rods are produced and stocked 
in two grades of Ampco Metal and two grades of Ampcoloy 
bronze — ask your nearby Ampco engineer to help you specify 


Performance advantages the proper grade for your requirements. 
of Ampco Metal Write for Bulletin 64A. 


do Reduces machining time and costs. 


vf Compact structure cuts rejections. 


dW Higher fatigue ond impact strength. 


vf Higher compressive strength. ‘ Cos A M P c oO M E TA L s J he Cc . 
of Resistance to corrosion, Department MP-12 © Milwaukee 4, Wis. 
of Light weight. Metal Field Offices in Principal Cities 


t The Metal without an Equal 
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MANY MANUFACTURERS have asked us 
whether it is possible to make an assembly or 
part in another metal temporarily, and still 
use the fabricating and stamping tools, when 
the time comes, for the preferred metal. 


It's not only frequently possible ... Colgate is 
doing it. By designing double purpose dies 
so that they may be used, during this interim 
period with a second-choice material, and 


later converted, Colgate is breaking the 
bottleneck of the metals shortage. 


STAMPING « FORMING « 


DRAWING 


WELDING 


Dies engineered to serve a double purpose is 


just one example of Colgate Engineered 
Service in sheet metal fabricating and stamp- 


ing of aluminum, magnesium, stainless steel 
and many other light metals. 


If your product is ordinarily made of steel 


(let's say), perhaps some other material could 
be used. Then, when steel becomes available, 
in many cases the tools can be converted, at 


reasonable cost, through Colgate’s Engineered 
Service. Write for more information. 


¢ FINISHING 


ASSEMBLING 





December, 1946; Page 1171 


THERE'S A Std SOLDER FOR EVERY JOB— 





FEDERATED SOLDERS are tops in quality, 


uniformity and dependability. They have maxi- 
mum strength and fluidity. They possess excel- 
lent bonding qualities, fine grain structure and iF nH il (yn J 


HH HUI} 
uniform melting points. | 
time. That’s economy—and satisfaction. Try i a js 


3 
Federated Solder. : " i 


— anne 


BAR * STRIP * TRIANGLE * DROP 
ACID CORE * ROSIN CORE * PIG 


SOLID WIRE * SEGMENT * SPOOL 
WIPING CAKE ¢ RIBBON FEDERATED METALS DIVISION 


American Smelting and Refining Company 
MADE IN ALL STANDARD COMPOSITIONS 120 Broadway, New York 5, N. Y 


SPECIAL ALLOYS TO SPECIFICATION Nation-wide service with offices in principal cities 


ia 


i; 


All of these properties add up to quicker, 
easier application . . . more production in less 


ALUMINUM + BRASS «+ BRONZE + BABBITT + DIE CASTING ALLOYS + LEAD PRODUCTS + SOLDER ~+- TYPE METAL + ZINC DUST 
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Pointing 
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i.) ae: 
, GENERAL CHEMICA) 


special Technical Manuals 


Products of Generals 





ZINE 


~~ Ths 


Progress and important advancements in 
modern electroplating lie ahead with the 
broadening use of General Chemical 
Metal Fluoborate Solutions. Today—flu- 
oborate baths are proving outstanding for 
many lead, tin, lead-tin alloy, copper, zinc 
and other applications. Tomorrow—Metal 
Fluoborates hold still greater promise 
since their superiority to ordinary baths 
is indicated both by the unusual charac- 
teristics of the fluoborate electrolyte and 
by the type of deposits obtained. 

To the electroplater, the Metal 
Fluoborates, generally, offer such 
advantages as: 1. Concentrated so- 
lution form; no mixing or dissolv- 


Charlotte (N. C.) 
Minneapolis « New York 
St. Louls - 


+ Chicago + Cleveland - 
+ Philadeiphia - 


Lead-Tin Alloy Plating MANUAL LT-1 


'~, | 
ae 


Utica (N. ¥.) + Wenatchee 
In Wisconsin: General Chemical Wisconsin Corporation, Milwaukee, Wis 


te Canada: The Nichols Chemical Company, Limited 


; 
« 


- 


>. 


ing necessary. 2. Simplicity of bath 
preparation and ease of control. 4. Sta- 
bility of composition, high conductivity, 
and good covering power. 4. Fine-grained 
deposits of good color. 5. High-speed op- 
eration, with practically 100% anode and 
cathode efficiency. 

These advantages can mean real econ- 
omy, efficiency, and convenience in your 
plant. So investigate the Metal Fluobor- 
ates now by writing for technical data 
and trial samples of the products that 
interest you. As always, General Chemi- 
cal’s skilled Engineering and Technical 
Servicemen are available to assist you in 
preparing for test or full-scale runs. 


GENERAL CHEMICAL COMPANY 


40 RECTOR STREET, NEW YORK 6, N. Y. 


Seles and Technical Service Offices: Atlanta - 


Baltimore + Boston Bridgeport (Conn.) Buffale 
Denver + Detroit + Houston - Kansas City + Los Angeles 
Pittsburgh « Providence (KR. 1.) + San Francisco + Seattle 

+ Yakima (Wash.) 
+ Mentreal . Terente . Vancouver 
Copper Fluoborate MANUAL 


en fl ectropl ati ng 








Full description of the practical, economical fluobor- 
ate method for plating lead-tin alloys in any desired 
ratio (particularly low-tin ranges) with high degree 
of uniformity and minimum of contro! measures. 


Available now . . . extensive op- 
erating data on the Metal Fluo- 
borates in the technical manuals 
outlined here. For copies, write 
or phone the nearest General 
Chemical Sales and Technical 
Service Office listed above. 


Zinc Fluoborate MANUAL 2F-1 


Covers high-speed plating with Zinc Fluoborate elec- 
trolyte from which zinc is deposited at higher rate 
than from other acid baths. Also explains tank and 
barrel plating oo cast or malleable iron. 
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Ready soon. Comprehensive details on Copper Fluo- 
borate electrolyte which deposits copper at higher 
rate than any other known acid baths . . . without 
addition agents... with unusual simplicity of control. 


Metal Fluoborates BULLETIN 1815-A 

General information on Metal Fivoborates plus spe- 
cific operating data on plating with Lead, Tia, and 
Cadmium Fivoborate. 


n~n mee rn Mm OS inant Ts. | wir w anf 
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THE TOUGHER THE COMPETITION 
THE BETTER YOU’LL LIKE 











HIGH SPEED STEELS 





When you specify MO-MAX High Speed Steel 


for your cutting tools, you reduce your machining costs in two ways. 





First, MO-MAX cutting tools deliver up to 20% more perform- 





ance. Second, the weight per cubic inch of MO-MAX is 8% less 





than that of 18% tungsten steel. This means that more tools can 





be made from MO-MAX than from an equivalent weight of high 





tungsten steel. 





You can cut your costs ... strengthen your competitive position 























... by taking advantage of this double economy. Start using 
MO-MAX today! Phone or write one of these mills listed below 





ONLY MO-MAX Gives you & ESE ADVANTAGES 








] MO-MAX has superior cutting qualities. It is a happy combination 
Buyer’s Guide of great toughness with high hardness. 


e 2 The machinability of MO-MAX is unexcelled, particularly 
0-MA in grinding. 





to Brands of 











“LMW" Allegheny Ludium Steel Corp. 3 MO-MAX is economical. Its specific gravity is about 8% less than 
"“MOHICAN" Atlas Steels Limited that of 18° tungsten steel. Thus for the same weight of high 
“BETHLEHEM HM" Bethlehem Stee! Co. speed steel, 13 bars of MO-MAX are obtained as compared with 
“MO-CUT" Braeburn Alloy Steel Corp. 12 similar bars of an 18% tungsten steel. 

“STAR MAX" Carpenter Steel Co. 4 In addition to the standard general-purpose composition of MO- 
“MOLITE M-I" _ Columbia Tool Stee! Co. MAX high speed steel, several special types have been develoved 
“REX T-MO", Crucible Stee! Co. of America for particular purposes. There are four with a high cobalt con- 





tent, one high in vanadium and two that are especially suitable 













“DI-MOL" Henry Disston & Sons, Inc. < 
for hot die work. 

“HI-MO" Firth-Sterling Steel Co. : ; 
“REX T-MO" Halcomb Steel Co. 5 MO-MAX was the first of the modern molybdenum high speed 
“MOGUL" Jessop Steel Company steels. For 13 years MO-MAX has demonstrated its superiority 
“TATMO" Latrobe Electric Steel Co. in cutting tools. me * + 
“MIDMAX".... The Midvale Co. 

é St. Lawrence Alloys, Inc. 
“S$. T. Mm." Simonds Saw & Stee! Co. Send for your copy of the MO-MAX Handbook, sixth edi- 
"MO-TUNG", Universal-Cyclops Steel Corp. tion. Get the full story about this remarkable steel, including 
"g-N-2"" Vanadium-Alloys Steel Co. easy-to-follow instructions on heat treating. 
“VUL-MO" Vulcan Crucible Steel Co. 










THE CLEVELAND TWIST DRILL COMPANY ~ 1242 East 49th Street * Cleveland 14, Ohio 
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FA SERIES OF STORIES ABOUT ALLOYING METALS. . 






. WHERE THEY COME FROM AND HOW THEY ARE USED 





THE STORY OF BORON 
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records show that borax, a source of 
boron, was exported to Europe from 
Central Asia through Constantinople 
and Venice. The Persians called it 
“burah”’ from which we took our word 
“‘borax.’’ Boron was isolated in 1808 by 
both Davy and Gay Lussac. 


] As long ago as the sixteenth century, 





Boron improves the hardenability 

of steels; only a minute amount of 
boron is necessary to give the desired 
results. To avoid complete oxidation of 
this small quantity, the boron must be 
protected by other strong deoxidizers, 
or it must be added to a completely 
deoxidized bath. 


ELECTRO METALLURGICAL COMPANY 


Unit of Union Carbide and Carbon Corporation 
New York 17, N. Y. 
ELECTROMET Ferro-Alloys and Metals are sold by Electro Metal- 


lurgical Sales Corporation and Electro Metallurgical Company 
of Canada, Limited, Welland, Ontario. 


“Silcaz”’ and “‘Silvaz”’ are trade-marks of Electro Metallurgical Company. 


30 East 42nd Street UCC! 








Formerly mined in Death Valley, 

borax was hauled great distances by 
the legendary twenty-mule teams under 
adverse conditions of rugged topography 
and intense heat. Known to the house- 
wife as a cleansing agent, borax is also 
used industrially in soldering, welding, 
and the making of enamels. 


Electromet produces “‘Silcaz’’ and 

“Silvaz”’ alloys, containing other 
strong deoxidizers that will protect the 
boron when added to the molten steel. 
Boron-treated steels are used for heavy 
machine parts such as gears and shafts. 
The presence of boron improves the 
quality of certain high-speed tool steels. 





Unaffected by air at ordinary tem- 

peratures, boron is nevertheless ex- 
tremely reactive at high temperatures, 
particularly with the elements oxygen 
and nitrogen. That’s why it is used as a 
deoxidizer and degasifier by the metal 
industry. It is also used to refine the 
grain of aluminum alloys. 


For Alloy Users... 


Electromet supplies ferroboron, 
manganese-boron, nickel-boron, 
and the special boron-containing 
alloys, “Silcaz"’ and “Silvaz."’ Con- 
stant research by Electromet has 
continually developed newer and 
better alloys. An explanation of 
Electromet's service to users of ferro- 
alloys, and descriptions of Electro- 
met'’s products are included in the 
booklet, “Electromet Ferro-Alloys 
and Metals."’ Write to our Technical 
Service Department today for a copy. 


Llectromet 


Ferro-Alloys & Metals 





























































































































































































































































































































































CHEMICAL 


For laboratory and process work, Wheelco Capacitrols 
permit closer temperature control and greater 
flexibility, because of their "Electronic Control 
Principle" (no mechanical linkage). 





































































































DIE CASTING 


Wheelco Electronic Capacitrols are standard equip- 
ment in die casting plants over the country, for 
accurate and dependable control of the temperatures 
of the casting metal. 
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TINNING 


J For coating, babbitting and other operations 
WHEELCO INSTRUMENTS using tin, Wheelco Electronic Capacitrols speed 
COMPANY production, with less loss of tin, by closer and 


¢ more reliable control of tinning temperatures. 
835 W. Harrison St., Chicago 7, ill. 





























































































































—+ “ 
' 


















































1 
vf 











Metal Progress; Page 1176 











December, 1946; Page 1177 





— + © 


METALLURGICAL LIBRARY 


2 AUTHORITATIVE TEXT-BOOKS 
2 PRACTICAL REFERENCE BOOKS 


Problem-solving is a major task for men 
in the metal industry. It is not a too difficult 
task if you keep this in mind: you need not 
know every answer—but KNOW where you 
can find the answer. 


When you need facts on metals, your best 
source of information is a good library. 


In the metal industry, problem-solvers 
are building their library around the accur- 
ate and up-to-date books offered by the 
American Society for Metals. 


These books give basic information of the 
metal industries—technical and practical 
information that will help you become chief 
problem-solver in your plant. 


Look over the brief reviews of these four 
books and see how economically you can 
build a good reference library. The coupon 
below is for your convenience in ordering. 


TECHNICAL BOOKS 


AMERICAN SOCIETY FOR METALS 
7301 Euclid Avenue, Cleveland 3, Ohio 


Please send me your new book checked below 
© Review of Meta! Literature Induction Heating 


{) Corrosion of Metals Engineering Alloys 


lam enclosing check( ) money order ( ) for ($ 


NAME 





ADDRESS 





CiTY— 





CLEVELAND 3, OHIO 


ASM REVIEW OF 
METAL LITERATURE 


(Vols. 1 ond 2) 


In Volume 2 the more than 
6,000 abstracts of papers pub- 
lished in the technical literature 
of the world on the subject of metals during 1945 have now 
been rearranged, indexed and cross-indexed under the 
twenty-seven headings in which they originally appeared in 
the monthly Metals Review. 


If you do not have Volume 1, there are a few of these 
books available at $15.00. These reference volumes are a 
must for every library. Write for yours today and make this 
the beginning of a full set. 

With these two volumes you will have a complete list of 
what was published during 1944-45 on any metal subject 
and where it was published, together with a brief abstract. 
It's complete and thorough and saves you hours of time. 


CORROSION OF METALS 


A book of 192 pages that covers the basic principles of 
corrosion behavior—the effect of composition and environ- 
ment on corrosion of iron and steels, of the light metals, 
aluminum and magnesium, and of the copper alloys, etc. 


Included are 70 illustrations, curves, tables and detailed 
data in a 6x9 red cloth binding. $3.00 


INDUCTION HEATING 


This book deals with induc- 

tion heating considered from a 

standpoint of principles and 

theory, induction circuits and 

frequency generation, practical 

applications and comparison with other heating and harden- 
ing methods. 

Basic types of induction heating circuits, resonance, spark- 
excited generators, motor generators, vacuum tube circuits 
and resonant cavities are described and their operation 
analyzed. 

Practical problems such as prevention of cracking in 
induction hardening areas about oil holes, distortion of 
hardened parts and fatigue failures near hardened fillets are 
discussed. Red cloth binding . . . $3.00. 


ENGINEERING ALLOYS 


Substantially enlarged to 834 pages to include 12,550 
alloys, their trade names, physical properties, chemical 
composition, uses and the names of the manufactures. En- 
gineering Alloys completely blankets the alloy field. No 
other publication can provide the source for so much infor- 
mation as this veritable one-volume library. This brand new 
second edition lists practically every alloy produced. Six 
sectional divisions permit easy and quick access to desired 
information. 6x9 in red cloth binding . . . $10. 
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Doslyn Stainless Steels 


JOSLYN MFG. AND SUPPLY CO., FT. WAYNE 6, nD. ‘A 








ELECTRIC FURNACES - HOT AND COLD FINISHING MILLS + LOCATED AT FORT WAYNE, INE 











witeer: co 
—_— —— More P. S. (for Pressed Steel) light gauge 


carburizing and annealing boxes can be stacked in a furnace, because they take up less 
room per cubic foot than bulky cast alloy boxes. 








Production per heating cycle is greater, because their light gauge construction speeds up 
heating time; moreover, they weigh 65% less than cast alloy boxes, thus handling is facili- 
tated. 


P. S. equipment lasts longer, too. In the 18 years that have rolled by since we first pio- 
_ yg neered the advantages of light weight construction, repeat 
a orders have been the rule from our old and our new cus- 






tomers. 


Tell us the type and sizes of your furnaces and boxes. We 


ae will submit estimates on carburizing and annealing equip- 
Adjustable "shelves and” sldes.. Also ment that will increase furnace capacity. 


made to specification 











“ . 
“~# } ye 
wt 4 





The Pressed 


Steel Company 
of Wilkes-Barre, Pa. 


BRANCH OFFICES: 
312 Curtis Bidg., Detroit; 503 Nicholas Bids. Toledo; 1915 
ew 














Engineers Bidg., Chicago; 51 E. 42nd 8&t., York; 1005 
eine Das fe Sire tit ie aes d Sterling Bidg., Houston, Texas; Broad St. Station Bidg., 
Philadelphia; 417 So. Hill St., Les Angeles; A & M Acces- 


Annealing cover made of special alloy. Lighter in weight, easier to sories Lid., 19 Melinda St., Toronto, anada. 
handle. Will outlast the average cast alloy equipment by many hours. 


PRESSED STEEL COMPANY 
PRODUCTS: 


Carburizing and Annealing Boxes, 
Thermocouple Protection Tubes, 
Seamless Steel inder Ca 
Seamless Steel Neck ings, Wi 
Alloy Tubing for High Tem ture 
and Corrosive Applications, jent 
Tubes, Inner vers and Base 
Sheaths for Steel Mills. 





Annealing Tubes made to specification. These tubes are 20 ft. long, 20 in. in diameter 
and will give many added hours of service. 
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There’s a Du Pont Molten Salt Bath 
for Any Type of Case Hardening 














i- 
_ = a _ a - en ~~ a a 
Case Depth Recommended Temp. °F  NacNn STARTING REPLENISHING 
‘ Desired Bath %o COMPOSITION COMPOSITION 
t 0.003” 1400 30 er 45% CYANIDE-CHLORIDE 45,75 or 96% 
, to PLAIN CYANIDE to 20-30 MIXTURE, “CYANEGO” and NeCi, NeCN—depending 
0.010” 1600 and/or Ne2CO3 on dragovt less 
” DU PONT ACCELERATED SALT 
0.010 ACCELERATED 1500 or 
ol SALT with to 18-22 is HEAT TREATING SALT No. 6 ACCELERATED 
ages Graphite Cover 1650 plus % ACCELERATED SALT SALT 
0.025” Pas 1650 3g CARBURIZING SALT 
CARBURIZING 
to SALT with - ta = SALT 
0.090 Graphite Cover 1750 3s HEAT TREATING SALT Ne. 6 




















EACH OF THESE BATHS is designed to produce cases 
of desired depth in the shortest possible time 
at the lowest possible cost. Yet they’re but three 
of many Du Pont heat treating products that will 
return top production for you with maximum 
economy. Du Pont technical men will work with 


BETTER THINGS FOR BETTER LIVING .. . THROUGH CHEMISTRY 





you in selecting the right materials to meet 
specific needs. For further details write: E. I. du 
Pont de Nemours & Co. (Inc.), Electrochemicals 
Department, Wilmington 98, Delaware. 


DU PONT CYANIDES and SALTS 


for Steel Treating 
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IN CANADA: CYCLOGRAPH SERVICES, LTD: @ “ 494 KING ST., EAST, TORONTO, ONTARIO 
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“WELDING ALUMINUM” 

A new handbook on aluminum welding gives de 
tailed information on TL aluminum welding proc 
esses from edge preparation to finishing. Fulls 
ilustrated with photographs, charts and tables 
Price: $1.00. (Check space in coupon.) 


“ALLOY SELECTOR” 

Just two settings to place at vour finger tips the 
mechanical properties, chemical 
plivsical constants, thermal treatments. and speci 
fvation numbers of /8 aluminum alloys. Price 


‘1.00. (Check space in coupon.) 


“METALS WEIGHT CALCULATOR” 

One of the handiest metal weight calculating de 
es ever developed . simple ... accurate... 

st. Calculates weights of aluminum, magnesium, 

el. brass, copper, and nickel. Only $.50. (Check 


we in coupon.) 





LLOYS” 


composition, 


NEW! ..@ process manual on 


"MACHINING ALUMINUM 


SPECIFIC RECOMMENDATIONS FOR MACHINING 


OPERATIONS IN COMPACT CHART FORM 











Vhere are a lot of practical, up-to-date facts about machining 
aluminum alloys packed into this new 124-page handbook 
compiled by the technical stafl of Revnolds Metals Co 

For instance, cight double-page charts give specific usable 
data on tooling, speeds and teeds for cight important types of 
machining operations: Lurning, milling, shaping and planing, 
drilling, reaming, tapping, filing and sawing. 

In addition there are detailed discussions on general ma 
chining characteristics of the various aluminum alloys, with 
chapters on machining conditions, tool materials and designs, 
cuts, speeds and feeds, lubricants, coolants and cutting com 
pounds, 

“Machining Aluminum Alloys” ts profusely illustrated with 
photographs, charts and tables. A fully itemized cross-index 
serves for ready reference. 

Phis is just one of several recent technical aids put out by 
Reynolds Metals Company that help bring you up to date on 
the latest developments in the aluminum industry, Just fill out 
the coupon below and mail with one dollar. Reynolds Metals 
Company, 2519 South Third Surcet, Louisville 1, Kentucky 





PLEASE PRINT OR TYPE CAREFULLY 1281-A1-9B 


Reynolds Metals Company 
2519 South Third Street, Louisville 1, Kentucky 


Please send me Machining Aluminum Allovs I enclose S100 heck of 
moneys order*) to cover the cost of printing and manting 

NAME — = 

1tide 

COMPANY 

\DDRESS 

CITY ZONE oY) 


) Please send me a copy of “Welding Aluminum.” IT enclose $1.00 
)} Please send me a Revnolds Aluminum Alloy Selector. I enclose $1.00 
) Please send me a Reynolds Weight Calculator. | enclose 50 cents 


Please do not send purchase orders, cash or stamps! 
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COLD 


X PRECISION 


SONSTRUCTION 
IB GROUND SHAFTING 


“A machine is as good as its shafting” .. . and 
the first step in building true-running, long- 
wearing equipment is the use of B&L GROUND 
SHAFTING ... the aristocrat of its class. 


The smoothness, roundness and accuracy devel- 
oped by centerless grinding make it easier for 
you to reach precision standards in your own 
product ... whether it is a delicately balanced 
mechanism or a high-speed, heavy-duty type 
of equipment. 


For the general run of machine shafts and line 

shafting, there is available B&L Cold Drawn 
Rounds, Drawn and Ground or Turned and Ground Bars. Where the parts are ex- 
posed to view, as in machinery for display purposes, you can use either Drawn, Ground 
and Polished or Turned, Ground and Polished Shafting, which gives a mirror-bright 
surface finish. 
Heat Treated or Strain-Tempered bars may be specified when higher physicals are re- 
quired in shafting used in special heavy-duty applications. 


FEN ILTSHED SES BS AN D. 3S ee 
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WHATEVER 
YOUR PROBLEM 
CONSIDER 
CARBON OR 
GRAPHITE 
















Unit of Union Carbide and Carbon Corporation 
The words “National” and “Karbate” are registered 
trade-marks of National Carbon Company, Inc. 


f, 
L|V/ITRIC-HYOROFLOORIC 


soLuTiows / 


VER HEAR of a material standing up 
to the corrosive attack of strong nitric- 
hydrofluoric solutions for 13 years? That 
is the record of this “National” carbon brick 
tank lining. 

Yes, carbon has proved itself unmatched 
for lining acid-bearing tanks and towers. 
Equally useful for building these tanks and 
towers, with or without supporting walls, is 
“Karbate” impervious graphite. 

These two lightweight, inert materials 
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30 East 42nd Street, New York 17, N. Y. 
Division Sales Offices: Atlanta, Chicago, Dallas, 
Kansas City, New York, Pittsburgh, San Francisco 


CG — THIS CARBON TANK LINING 
iS STILL IN GOOD OPERATING CONDITION! 





4] 
| THUS KINO 


me OF THING 


~ 


‘ ? THRO 5 - WE. / 


‘ 
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are unaffected by hydrochloric, sulphuric, 
lactic, acetic, hydrofluoric acids; by mixed 
acids; and by special caustic vapors and 
other corrosive liquids and gases. Both 
also withstand heat shock. “Karbate” im- 
pervious graphite resists seepage under 
pressure and is mechanically strong. 

Both materials are available in brick and 
blocks, in standard and special shapes. For 
more details on how these materials can be 
useful in your plant, write Dept. MP. 











Lots more 


7 


= came from! 


Z where these 


Hoskins Alloy Castings for Your Heat Treat Operations 


When you talk about design and production of heat 
resistant castings, you're talking a language that 
Hoskins helped invent! For it was our discovery of 
the Nickel-Chromium alloys that formed the basis of 
the entire heat resistant casting industry. 


So, drawing on 40 years of specialized experience in 
Hoskins Alloy production, we're well equipped to 
design and produce castings and fixtures of every 
shape and form to meet the particular requirements of 
your heat treat applications. 


Illustrated above are a few typical examples of Hoskins 


Alloy casting designs. You'll find lots more where 
these came Bens ... in an 
“idea book’’ we've just 
brought out for the man in 
your plant responsible for 
Alloy in heat treat operations. 
It contains many practical, 
helpful suggestions so why 
not write for your copy to- 
day? Glad to send you one 
... free... and, of course, 
without obligation. 


HOSKINS MANUFACTURING CO. 


4445 LAWTON, DETROIT 8, MICHIGAN 


ELECTRIC HEAT TREATING FURNACES 
WELDING WIRE 
SPARK PLUG ELECTRODE WIRE 


* PYROMETERS - 


HEATING ELEMENT ALLOYS + THERMOCOUPLE AND LEAD WIRE 
HEAT RESISTANT CASTINGS + ENAMELING FIXTURES ~~ 
* SPECIAL ALLOYS OF NICKEL ¢ PROTECTION TUBES 
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The Largest Blowpipe 


in the World 
Makes this Job as Easy as it Looks 







It takes just 15 minutes to slice through an ingot of this size. 
For eight hours a day, five days a week, this giant OxweL_p C-45 
oxy-acetylene blowpipe and another just like it are in operation at 


this mill slitting ingots for scrap. 


IF YOU CAN USE A RAPID METAL-CUTTING METHOD... 





If a fast, economical method for cutting heavy ingots, risers, or 
forgings, will increase efficiency of operations in your plant, get in 
touch with the nearest Linde representative. He will help you to 
determine if your job can be done better by methods developed by 


The Linde Air Products Company. 


LINDE OXYGEN 
PREST-O-LITE ACETYLEWE 
THE LINDE AIR PRODUCTS COMPANY UNION CARBIDE 


OXWELD, PUROX, PREST-0-WELD, 
UNIONMELT APPARATUS 


30 E. 42nd St... New York 17, N. Y. (8 Offices in Other Principal Cities OXWELD AND UNIONMELT SUPPLIES 


Unit of Union Carbide and Carbon Corporation 





In Canada: Dominion Oxygen Company, Limited, Toronto 


he words “Linde,” “Oxuweld,” “Prest-0-Lite,” “Prest-0. Weld,” “Puros,.” “Union,” and “Unionmelt™ are trade-marks of Union Cartede and Carbon ore ' tx U mete 
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THERMALLOY 


xX-“RAW 
CONTROLLED 


Faster heat absorption, less cost per heat hour, 
greater work volume and less shutdown hazards 
are the principal advantages of THERMALLOY, 
properly designed roller rail pusher trays. Re- 
placement cost due to wear is greatly reduced by 
ample tolerances for moving parts thus promoting 
smoother equipment operation at temperatures up 
to 1750° F 


Proper design, sound foundry practice and X-RAY 
control are prime factors for long service life 
THERMALLOY castings. 


AMSCO ALLOY and THERMALLOY are identical 





Brake Shoe ELECTRO-ALLOYS DIVISION 


COMPANY 








ErtyYrRiItaAa » 
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Annealing Furnace Tests Show Substantial Savings with 


BaW INSULATING FIREBRICK 


LEB. FURNACE 
+ > 
31 HOURS = 
J 7 *y 
FIREBRICA 
J FURNACE 
/ vA 


s NOURS 


t, os * 


During 1945, The Federal Malleable Company ran 
comparative tests to determine the most efficient 
refractory for their annealing furnaces. Two fur- 


naces, having identical inside dimensidhs and 
duplicate conditions of loading and firing, were 
tested. Regular first-quality firebrick was used 
in one furnace — B&W Insulating Firebrick in the 
other. 

The above tabulation shows the results of using 
Baw |. F. B.—reduced heating-up time, less cycle 
time, lower fuel consumption and.increased pro- 
duction. Equally important, Federal Malleable points 
out that with B&W |. F. B. they can produce better 





Water-Tube Boilers, for Stetionary Power Plants, for 
Marine Service . . . Water-Cooled Furnaces . . . Super- 
heaters . . . Economizers . . . Air Heaters . . . Pulverized- 
Coal Equipment . . . 
and Multifvel Burners . . . 
and Pipe .. . Refractories .. . 





castings, since they can duplicate the firing period 
by better control. 

This case history is typical of the savings made 
possible by the use of B&W I. F. B. Similar results 
are being obtained in all types of steel processing 
furnaces such as annealing, stress relieving, normal- 
izing, and heat treating. 

Throughout the country, BAW Refractory Engi- 
neers are helping to guide progressive industries to 
more profitable production. For more detailed infor- 
mation on how you can increase the efficiency and 
economy of your furnaces—consult your local 


BABCOCK 
cox 
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THE QUALITY NAMES IN ALLOY 
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/ REPRESENTATIVE ‘ 


110 North 17th St., PHILADELPHIA 3 IN PRINCIPAL CITIES 
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THE QUALITY NAMES IN ALLOY > - sy 
LO FOR HEAT CORROSION ABRASION Kote 
TACOMA H.H.H. monimiriietal. ? 


WASH. 1) DRIVES | 
éé DU CK 99 





Across 


Continent 


Tacoma, Wash. 
To 
Atlantic City 
Metal 
Show 


Bob Allen Leave Tacoma, Wash., Nov. 3rd Loading Guests in Front of Convention Hall 


682 Guests Ride Duck 


Experience “Invasion” Ride Through Atlantic Surf 


Easiry the outstanding feature of the 
National Metal Exposition at Atlantic City, 
November 18th 23rd, was General Alloys 
ex-U.S. Army “Duck”, an amphibious inva 
sion vehicle that does 50 miles plus on the 
road and takes a rough sea far better than 
most boats 





bought a Duck last spring, drove and 

it hard and far, including 0-mils 

trips to Nantucket Island, and decided 
wanted some new ones 


New Ducks brought from the Philippines 
were shipped East from Tacoma and Seattle 
H.H.H. and Bob Allen of International Har 
f vester, Fort Wayne, picked up two Ducks 
Comin’ Thru the Rockies it Tacoma job had to leave at Gibbon 
— Neb., to get back to work, and Tom Franks 
wi we G.A. Chicago manager, drove from Gibbon t 
Chicago H.H.H. arrived in Boston in fifteen 
days having traveled 3900 miles, including 
side trips and stopping for four da hunt 
ing and business enroute 


Ducks are being converted to 
yachts which will sleep four or 
complete with toilet, shower, ga 
and deep freeze Life boat and Crosley car 
| ure carried as tenders Duck tires ire ir 
flated and deflated while running from the 
driver's seat With 17” road clearance, ¢f 
wheel drive, they ire good for hunting 
winter sports an for sailing hundreds o 
lakes and rivers inaccessible to cruising 
vachts With 40-pound air pressure in 11 
inch tires that ride beautifully, and being 
smaller than a bus, they drive much easier 
and safer than a car with a house trailer 


Inte the Ocean Surf She Goes! 


‘ 
7. 
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6 are building a limited number of 
“Dukyots” at from $6,000 to $12,000 for a few 
prominent individuals with the imagination 
ind vitality to utilize this 31-foot yacht or 
wheels which goes everywhere Anyone witt 
the “I-Q” required of the white and colored 
G.1L.s, who drove “Ducks” on the roads, waters 
and trackless wastes of the battle areas, can 
runa “Duck.” We will use ours as a mobile 
base with our airplanes 


F oLLowInc the last war, General Alloys 
hundres robably thousands, of Steel 
Treaters ¢ ‘tal Men their first ride 
airplanes "e are proud to be first to pre 
sent the “best amphibious invasion device 
oft the { ; Army,” the General Motors 


luck, at the National Metal Show 
, 


PS As usual, General Alloys is the largest 
exhibitor in our line directly in front of th« 
main entrance at the Metal Show We wel- 
come your inquiries for heat or corrosion re- 
sistant castings and high temperature en- 
gineering through either our branch offices 
or our executive offices at Boston, Mass Lull in a Blizeard at Gibbon, Nebraska 
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Fre epaededl 


METAL PROGRESS 
DATA SHEETS 








A unique, up-to-date collection of reference matter in all branches of the metal- 
lurgical field, containing information and figures of daily use to practicing 


metallurgists. The general scope is indicated by the following subdivisions: 


© 1946 Edition ready for delivery late December. = ~~ 





® 150 separate 82 x 11 sheets in an attractive binder. General physical - metallurgical 
Indexed and cross-indexed, suitable for file or in- data 
dividual use. _ Forging 
| Steel—compositions, structure, 
® The 79 sheets of the old 1943 edition have been hardenability 
carefully scrutinized—of which there have been: Machinability 
4 Eliminated | Heat Treatment—quenching, tem- 


30 Retained in original condition posing, ennesiing, cmbutiing 
Corrosion Resistant Steels and 


40 Revised. Some almost completely remade. Alloys 


Nonferrous Metals and Alloys— 


Place your order now for this complete (Copper. zinc, nickel, alumi- 
set of Metal Progress Data Sheets num, magnesium) 
Electroplating 
$4.00 per set Welding 

















AMERICAN SOCIETY FOR METALS 


7301 EUCLID AVENUE CLEVELAND 3, OHIO 
PUBLISHER OF METAL PROGRESS, METALS REVIEW AND THE METALS HANDBOOK 
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IT PAYS TO DEAL WITH THE LEADER 
CONSULT CONTINENTAL NOW FOR: 


Complete plants 
Furnaces 
Special machines 
Gas Carburizers 
Gas Generators 
Hardening Furnaces 
Annealing Furnaces 
Strip Furnaces 


Automatic Heat Treating Units 








© Continental: CONTI NENTAL 
The name of a INDUSTRIAL 
Dependable jo ENGINEERS, INC. 


Friend 176 W. ADAMS ST. e@ CHICAGO 3, ILLINOIS 


ASSOCIATE COMPANIES 


Intercontinental Engineers, Inc. 
Engenheires Continental do Grazil, $. A. 
inter ti tal, S$. A., Buenes Aires 
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TYPICAL CASE— 
MILLING MACHINE 


Here is how War Assets Administration’s new 
price has been set for a typical machine; Model 
2K Kearney and Trecker Milling Ma- 
chine, vertical knee action; War Assets 
AdministrationS.C. Code 3417-23-20-28. 














| $7,054.00 31 TYPES OF 


—- sieve Sales Price GENERAL 
(based on depreciation 

er 4,091.00 PRODUCTION 
Average Market Value... --- 2,556.00 TOOLS 


New W.A.A. Sales Price... . 2,045.00 


Available for rebuilding. ... 511.00 REPRICED 


Boring Machine—Horizontal, Precision, 
Bridge Type, Single and Double End 

Sales to priority claimants, which include Federal Agencies, Chucking Machine— Automatic, Vertical, 

Certified Veterans, World War II. and subsequent priority Multiple Spindle Type 

claimants, will be made In proper sequence as required by law. Chucking Machine—Single Spindle Au- 
tomatic, Horizontal Turret Type | 
Machine 

Chucking Machine—Six Spindle Auto- 
matic, Horizontal 

Drilling Machine or Drill Press—Bench 
or Floor, Single or Multiple Spindle 

Gear Cutting Machine for Straight Bevel 
Gears, (Not Planer Type) 

Gear Hobber—Horizonral 

Gear Hobber— Vertical, Universal 

Gear Shaper—For External Spur Gears 
Only 

Gear Shaper—For Spur Gears, External or 
Internal 

Gear Shaper—For Spur and Helical Gears, 
External and Internal 

Gear Tooth Shaver—For External and 
Internal Gears (Rotary Type Machine) 

Gear Tooth Grinder—Generating Type, 
for Spur and Helical Gears 

Gear Tooth Grinder—For Spur Gears, 
External and Internal (Formed Wheel 
Type Machine) 

Grinders—Centerless 

Grinder—Crank Pin Grinders 

Grinders—Plain External Cylindrica! 
Grinder 

Grinder—Internal, Cylindrical, Automatic 
Sizing 

Grinder—Internal Cylindrical (Hydraulic 
Feed Machine) 

Grinder—Internal Cylindrical, Hydraulic 
Feed, for Hole and Face Grinding 

Grinder—Surface, Rotary Table Type 

Lathe—Multiple Tool, Not Automatic, 
Manufacturing Type Production Lathe 

Milling Machine—Automatic and Manv- 
facturing Knee Type 

Milling Machine—Plain Bed Type, Hori- |} 
zontal Spindle Machines 

Milling Machine—Vertical, Knee Type 
(Not Including Bench Type) | 

Polishing and Buffing Machine—Bench | 
and Floor 

Profiling Machine—Vertical, Fixed Bed | 
MACHINE TOOL Sone a tea. 
Tapping Machine—Vertical, Single of | 

Multiple Spindle 


ALE DIVISION Thread Grinding Machines 
Thread Milling Machine 


Turret Lathe—Ram Type, Plain and | 


Universal 
J 
a 



























































When fabricating Stainless 


REWELDING 


IS 


COSTLY 


you will agree... 


Hours spent welding it over again are an unnecessary 
cost which can be eliminated. Your decision to use Arcos electrodes 
for your stainless or alloy welding job is a long step toward eliminating 
non-productive man hours. When you order Arcos, you receive electrodes which, 
in the hands of a competent welder, deposit the sound weld metal 
you need. Sound welds—physically and chemically right for the job—the first 
time and every time, eliminate costly chipping and rewelding. Specify 
Arcos and avail yourself of the knowledge and a product 
born of fourteen years’ experience in making stainless 


and special alloy electrodes. 


WHEN YOU USE ARCOS ELECTRODES—YOU WILL AGREE 


TH /IREOS 


ARCOS CORPORATION - 306 GULF BUILDING, PHILA. 2, PA. 
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BURRELL - GAS ANALYSIS APPARATUS 


from Plant Control 


... to Laboratory Precision 






PPARATUS for the analysis of gases by 

absorption and combustion methods are 

divided into two general types, laboratory 
and portable models. 

Laboratory models are more precise while 
portable models are relatively smaller, more 
compact and simpler to manipulate. 

The popular Build-Up* frame for both 
laboratory and portable models comprises 
standardized parts -clamps, bases, rods, 
supports which can be assembled to carry 
any selection of standard gas analysis glass- 
ware. This feature permits the analyst to 
choose an apparatus exactly to fit his needs 
and just as important to quickly alter the 
assembly should necessity arise. 








* Trademark registered U.S. Patent Office. 











LD 


Heavy bases in the Build-Up laboratory 
models provide stability and preclude the 
necessity of fastening to the bench top. Alumi- 
num cross tubes are extra long to permit 
expansion of the apparatus if desired. Glass- 
ware may be added or removed without 
dismantling the frame. 


A LABORATORY BUILD-UP MODEL 
FOR PRECISION ANALYSIS 


The Flue Gas Analyzers are 
designed especially for the 
analysis of flue or stack gases, 
but may be used wherever 
three gaseous components 
are to be determined by 
absorption. 





A PORTABLE BUILD-UP MODEL 
FOR PLANT CONTROL 


Portable Build-U p models are mounted on 
a stout oak base and may be had with or 
without the carrying case. 


Teer ee ee ee 





<SOUDIZT TTT 
a“ 





—s) 
For complete information on all q BURR ELL he 


types of Bu rrell Gas Analysis LABOR ATORY CHE Cy 


Apparatus write for Catalog 80. 




















BURRELL TECHNICAL SUPPLY COMPANY 
A FLUE GAS ANALYZER 
1942 FIFTH AVENUE PITTSBURGH 19, PA. FOR STACK ANALYSIS 
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Research leadership back of every Ingot 


A practical, working knowledge of your problems @ superior 
product to meet them. These are the standards by which Apex Ingot 
is made the reasons why foundrymen everywhere say 


“It's best in every test from Ingot to Casting!”’ 


Apex Smelting Company 











CONSULT THESE 






Now is the time to put your product to the steel casting test. 


If your product is made of metal, check it for quality . . . for 
efficient production . . . for strength and durability against the 


many advantages of cast steel components. 


You will find a readiness on the part of each steel foundry 
listed at the right to work with you in the development and 
improvement of the metal product you manufacture—or plan 


to manufacture. 


New foundry techniques offer many advantages, including 
greater strength, greater ductility, precise mechanical properties 


and closer tolerances. 


Put in a call today to the foundry nearest you. 
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Use 
Steel 


Castings 





Specify Steel Castings for: 


Aeronautical 

Agricultural Machinery 
Automotive 

Bearing 

Boiler, Tank & Piping 

Bridge 

Chemical & Paint Works 
Compressors (Pneumatic) 
Conveyor & Material Handling 
Crushing Machinery & Cement Mill 
Dredge 

Electrical Machinery & Equipment 
Elevator 

Engine 

Food Processing & Packing Plant 
Foundry Machinery & Equipment 
Gas Producer & Coke Oven 
Gears 

Heat Treating Furnace & Equipment 
Hoist & Derrick 

lron & Steel Industries 
Metallurgical Machinery 

Mining Machinery & Equipment 
Oil or Gas Field & Refinery 
Ordnance 

Overhead Crane & Charging Machine 
Paper Mill 

Printing Press 

Pump 

Railroad 

Refractory, Brickyard & Ceramic 
Refrigeration Machinery 

Road & Building Construction 
Rubber Mill 

Ship & Marine 

Shoe Machinery 

Smelting Plant 

Spray Painting Equipment 

Steam Turbine 

Street, Elevated & Subway Cars 
Textile Machinery 

Valves, Fittings & Piping 

Well Drilling Equipment 








Where high temperatures 


are sustained... 


Products cast in FAHRITE maintain peak performance 
longer. 


The boiler tube supports above, for example, are subject to 
the constant strain of unusual temperature elevation. Yet, because 
FAHRITE resists this stress, the period of safe operation is consider- 
ably prolonged. 


We can meet your needs with a grade of FAHRITE exactly suited to your 
present operating conditions. Write for catalog which gives complete details. 


THE OHIO STEEL FOUNDRY COMPANY 
SPRINGFIELD, OHIO © Plants at Lima and Springfield, Ohio 


ENGINEERS * FOUNDERS * MACHINISTS 
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Announcing Abe NEW 


SELF-PERPETUATING ELECTRODE FURNACES | 


* “4. 3. oa re ‘ie - a 
a es v 4, Pm . : 
Po ee ef | 
? 


PE TU: DE FURNACES MEANS 
y BELF-PERPE TUATI NG ELEC TRO 
coral HPPTE DEVELOPED A 


AT IT SAYS. UPTON FUR 
sa eae ING ELECTRODES THAT HAVE BEEN 
OF AUTOMATICALLY RENEW 
mA M OF A HIGH HEAT FURNACE, 
PERMANENTLY SEALED IN TO THE BOTTO 2 
j £ INSERTION OF GRAPHITE RODS AND PLACEMENT At OF 4 
ahaa ES CAUSES IRON OXIDES oe seat YOU LOOK, % 
cae DES ALSO KEEPS BATH NEUTRAL STOP SUG sin 
T METAL 
* sie renee TING ELECTRODE FURNACES A 
up SERRE 


zt ~ EPORT On iT, 
siege boos geno FoR MAT ALS? STOE: 
uaa a 4 BES: 
BULLE TI we, A TDESE i —s 
—oo O oxive a - — | 
| C CARBON 

E eLectropve 
G GRAPHITE ROD 








an “on es eeocrs oo oft fF a 
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Oxides form in the bath, from contact with the atmosphere at 
the surface, from the work, and from absorption of oxygen 
from electrodes. 








1. Electrodes give up oxygen, waste away. 


2. Oxides circulating through bath contact graphite 
rod. 


3. Oxides are reduced to metallic state in contact 
with graphite rod. 








4. Increased carbon content reduces melting point 
of oxide. 


Oxide droplets form, fall on electrode. Droplets begin giving 
up carbon, harden on electrodes, become integral part of 
electrode. 














Ask for complete information on this process and its use 
in your heat treating. —— 


FURNACE DIV. 
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851. Precision Casting 
Equipment 
at Mfg. Cov=Goseieient materials and equip- 


treating. ee heat 
treatment, liq Sry —— martempering. flow heat 
Drawings are used 


853. ladioations ~~; 


Ohio Cran’ Co.—59-page booklet covers 
general history, —e and of in- 
duction 4-7 with many of 
induction 8 most tions. 


Well illustrated with pictures, charts and graphs. 


854. Roller Hearth Furnaces 


Surface Combustion Corp.—4-page bulletin de- 

ibes prepared atmosphere roller hearth furnaces 
fr ferrous and monferrous bare, tube and strip. 
Illustrated, the bulletin cites such features as 
air infiltration, accuracy of 


virtual elimination of 
roller alignment, etc. 
$55. Welding Technique 
Ampco M Inc.—Revised 16-page edition of 


“Ampco-Trode So iwelding Techalqae’ features weld- 
ing of aluminum bronze Contains 
comprehensive weldability chart for copper-base 
alloys, listing 33 bronze alloys; 22 photographs. 
856. Heat Treating Data Book 

Sunbeam Stewart Ind: Furnace Div. — 
Condensed, iHlustrated data book—vest pocket 
size—contains po pee ty to - sy 


heat treating metal 
73 sean of C$ -—_, tf —, -- data 
on steel ag h time allowances, 
hardness and tempering conversion tables. 
857. Soldering Fluxes 

American Chemical Paint Co.—Flosol soldering 
en Se te ae te eae ek 
heet. ‘or use 
aa and other Voy ucts constructed of carbon 

copoer, tia, tin, terne plate, 


and stainless steels, brass, 
zinc and galvanized iron are 


858. Deep Drawing 


Magnesium 
Revere Copper and Int.—1 2-page article 
illustrates the methods and the i ob- 
tained in the drawing of magnesium. Alloys of 
magnesium can be drawn from three to four ti 


mes 
as myn wt 4 bY 
it is said. 
859. Box and Pot Furnaces 
Dem ustrial Furnace Corp.—8-page ill 
trated ow bey describes box and pot type oil —— 
gas + eee Specifications and temperatures 
are Ul 


860. Instrument Recording 
44- booklet describes recording 
we yy ~ use with cathode ray tube onion cecillo: 


grapha, vanometer oscillogra: 
instruments. Contains a oa. physical 
and photographic properties of films 


and on processing lures, equipment ro 

materials. 

861. Ammonia in Metal 
Treati 


Mathieson Alkali 
prehensi 
both as a furnace 


pure hydrogen; during the war, use of 
ammonia is as an t 
a Applications in connec- 
tion case powder 
metall and welding oe described. 
an 
862. Po Cloths 

Burrell Technical Supply Co. — file size 
brochure contains information on cloths 


size 


863. Gas Carburizing 
Holcroft & Co.—¢4 bulletin describes gas 
carburizing furnaces for mass-production indus 


and outlines inherent advan- 
design features are listed. 


3 
3 
z 


silicon 
domied is 





WHAT'S NEW 


IN MANUFACTURERS LITERATURE 
Use the prepaid postcard on this page to obtain the helpful literature described 


on these two pages. 





866. Free Machining Die Steel 


Yonefigws Sige Med Co--C-oage besties Go 
new die with a 


ee a A Ste on ee 


— Novel feature is machining ° 
hich permits hardening steel Ss Sy: 


prior to 
867. Induction Heating 
Machine 
Electronics, Inc.—4-page leafiet de- 
scribes the new Trigatron, ind heating ma- 
chine for hardening, soldering, heat 
868. Vitrobond Refracto 
Johnson Fuller Co. 
Vitrobond as a . self- ving. 
high temperature fire box and cruci 


other oxides. Vitrifies st 3090 dee. 
Fee Tee eet GeSe dee, F. talons lesion coni 
869. Transformers 

Surape Biers Co—6-ones tenet Goeeine Gy 
ve = Seqeeee yendeeman, with many illustra- 
Electric Furnaces 

Sentry Co.—12-page booklet describes electric 
furnaces and —— ;  ——! diamond block method of 
atmospheric control for hardening high speed steel. 
871. Betatron 


— ae tikes on Cow t-c0ae ite application of the 


Betatron, which 
ay Tg eS 
x- is 

ommy = practical by 4 ~~ 
872. Seciaiines Steel Handbook 

Allegheny Ludlum Steel Corp.— hand- 
book of stainless steels presents yr At 
guide to properties, characteristics and applica- 
tions of many stainless products. Charts and 

tabular matter are included for quick, easy ref- 


erence. 
873. Magnetic Testing 
Allen B. DuMont Laboratories, Inc.—8- 


onalyeie and 
Immersion Pyrometer 
Instrument Co.—4-page leafiet illus- 


Pyrometer 
trates the new immersion pyrometer for nonferrous 
metals. ee Ne ee ee ned, quick- 
dependable, direct 


acting, reading, 434” indicator. 

875. Die Steels 
Kropp Co.—#- bulletin contains 
complete : ‘on cach of five special tool 
die steels, incl analyses, values and 


879. Alloy Steels 


876. Gas Cutting 
article dis 


Sales Co.— 
cutting a 


cations tn detail "describes uses of electronic ng 
device; cutting of new stainless steels; use of hot 
machines, etc. 


877. Hardening 


qualenp, tneomnstive enodesaiantion, 
sheet, and vanadium in gray iron castings. 


W. C. Dillon & Co., Inc.—Mechanical pressure 
as = new bulletin. Destaoes 6 in- 


-. Heating and Melting 
Corp.—8- booklet de- 
scribes induction heating os os ng, including 


Baldwin Locomotive Workse—New bulletin gives 
gg EO - model 
-10R rotating beam fatigue t machine, 
produces constant bending moment from 0 to 
10,000 inch- on round specimens as large 
as one inch ‘ 


883. Kennametal 
Characteristics 


Kennametal Ene-~tateoeniing 16-page booklet 
— the general nature of Kennametal compo- 
tions, brings together the emeemeticn as to 

pom an renstance, sinple and complex shapes, 
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WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 





884. Circular Products 

Bethlehem Steel Co.—32-page booklet gives 
illustrated and typical sdventage of S gains rolled 
and forged circular products. many 
applications include gear blanks, Ea wheels, 
brake drums, turbine rotors, molds and rings, 
pistons, sheaves, etc. 


885. Carburizer-Nitrider 

Hevi Duty Electric Co.—Handsome 32- 
color booklet describes and pictures the Hevi 
Carburizer-Nitrider which provides circulation of 
furnace atmosphere up to 1850 deg. F.; provides 

of temperature uniformity through multiple 

zoning; can be operated to produce accelerated 
cooling outside the furnace with maintained pro- 
tective atmosphere. Carburizing processing gases 
- procedure and the nitriding procedure are 
isc 


886. Pipe and Fitting Chart 

Tube Turns (Inc.)—Handy new chart of pipe 
and fitting materials deals with carbon, inter- 
mediate alloy, stainless and special analysis steels — 
covers ASTM caeemessons, chemistry, service 
limitations and welding procedure. 


887. Portable Pyrometer 

Wheelco Instruments Co.—4- pe bulletin de- 
scribes complete line of portab! poyemmen. 
Handsome walnut carrying case mete for single 
and double scales are available with or without 
multiple om os switches. Full information on 
extension ope ease meter, and portable py- 
rometer kit is pictorially illustrated. 


888. Temperature Control 

Claud S. Gordon Co.—4-page color bulletin 
gives complete technical description of Xactline 
temperature control. Instrument provides close 
yowreoiry “aw control; variation as low as 
1/5 of a degree F. and power on-off cycles as 
short as three seconds have been attained. 


889. Dust Control 

American Foundry Equipment Co.—8-page 
leaflet describes dust collecting equipment, featur- 
ing cloth bag type dust collectors. Three models 
are available ranging from 270 C.F.M. up. 


890. Welding Control 
General Electric Co.—12-page bulletin com: 

hensively discusses the importance of contro in 
resistance we lding. Reviewing the need for pre- 
cision application of heat and pressure and of 
mechanical operations, leafiet nts out that 
automatic control is required, and outlines several 
control devices. 


891. Tank Rheostats 

Columbia Electric Mfg. Co.—4-page leaflet de- 

scribes cast grid t tank rheostats for electro- 
plating control. ndard sizes, 15 to 5000 am- 
peres, 1 to 6 volt drop, as specified; tapered or 
untapered design. Rheostat enables plater to have 
accurate control of tank current under varying 
load conditions. 


METAL PROGRESS 


7301 Euclid Avenue, Cleveland 3, Ohio 
December, 1946 


851 867 883 899 915 
852 868 884 900 916 
853 869 885 901 917 
854 870 886 902 918 





Name 


892. Refractories 


Chas. Taylor Sons C Co—23-90 bulletin - 
cusses Taylor Zircon refractories for 
geratane service and special applications. It tthe the 

rst complete outline written on Zircon refractories 
and their application to various industri 


893. Aluminum Alloys 


National Smelting Co.—Convenient 1 
folder gre comprehensive data on | feeeme ae 


is pg > t 
her ng elements carefully proportioned— 
- fh unusual properties to the alloys. 


894. Hard-Facing Electrode 


Stoody Co.—New, improved coated Stood 

self-hardening wear-resistant electrode for 4 
facing all heavy equipment subjected to earth 
abrasion and fewest is fully described in circular. 
New extru flux coating improves welding 
characteristics and simplifies application. 


895. Cold Testing 

Bowser, Inc., Refrigeration Div.—Laboratory 
units for er | and re ey at temperatures 

as low as —100 "Dict ured in 4-page 
leaflet. Units ten eontrolled temperature, 
altitude and relative humidity over a wide range 
of operations. Effects of treatment may be noted 
through inspection window. 


896. Laboratory Supplies 


Withene Antone Co.—Wide range of labora- 
tory ry mop way gn and 
in the 20-page Waco Catalyst. V 7, 1946. 


897. Electronic Alloys 

Westinghouse Electric Corp.—For engineers and 
designers in communications, electronics, and other 
fields, a guide to the ications of 
18 recent metallurgical somes b presented 
in a new 48-page 


898. Cutting Fluids 

D. A. Stuart Oil Co.—A 13- 
of a paper entitled “Cutting 
and an Apology” pessunted before the Cincinnati 
Chapter of the A.S.M.E. 


899. Alloy Price List 

Michigan Steel Casting Co.—New price book, 
effective June 1, covers warehouse stocks of heat 
and corrosion resistant alloys. 


900. Cadmium Plating 

E. I. DuPont de Nemours & Co., Inc.—A 
complete manual for o; tion and maintenance 
of cadmium plating solutions contains 12 pages 
of helpful facts on this operation. 


booklet version 
juids, an Appraisal 


Please have literature circled at the left sent to me. 


Title 





855 871 887 903 
856 872 888 904 


857 873 889 905 Company 





Products Manufactured 





Address 





City and State 














Postcard must be mailed prior to March 1, 1947— 


Students should write direct to manufacturers. 





901. Al Powders, Pastes 
and pastes have 4 a ie 
| Wg told in an attractive 20-page 


902. Stainless Data 
Peter A. Frame & Co. Inc.—New data hart 
qeatepeed, Seat atts ta data on 24 difierent 
Single, file-sised card. _ 
903. Organic Coatings 

United Chromium, Inc —6 page booklet covers 


2 


the sources, and applications of th 
many resins in synthetic lacquers and pg 
tective coa' 


904. Retort F urnaces 


W. S. Rockwell Co.—Revolving retort furnaces 
for annealing, right t " anneali hard 
—. are illustrated —~ pw BR bed ne — 


9085. * Die Casting Machines 
taine hine 5 tydropre cold cham 
shows products 


“tm Steel Pictures 

a © eee © Sie. tnn—D-onee seve. 
entirely aot rw gictuses ‘provides 
interesting coverage of steel uses. 
907. 
Rustless Iron & 


mtn se Stainless 
Div.—8- book! 
contains [gg ormation on cutting conde, 
ability of the iL _. stainless grades. —— 
908. Stainless Correlation 
Arcos Corp.—A large size data. sheet, folding 
into an 834" x 11” cover, lists every well-known 


rtainless steel by trade name with the proper Arcos 
alloy ‘or each steel. = 


909. Forgings Reference 


ze! & Forge Co.—A reference 
booklet on Torsines has been published for the use 
of neers, production executives and 
metallurgists that -y* — the equipment, tools, 
materials and forging yp a used in forging 
metals in closed impression dies. 


910. Cutting Oils . 
oul cuting ahah sate in thie booklet which 
a - 


includes a pful machining guide. 
vantage in te i un efficiency may a 
substantial cuts in unit ft production costs 
Sa oo cutting oil has specific +. —+ — 
ing performance on certain types of ma- 
chining jobs. 
911. Precision Casting 
Austenal Laboratories, Smee | new booklet 
explains and ae i. -~- process of precision 
shape and design —y ty high melting 
csachinable alloys. 


912. Furnace Electrodes 
International & Electrode Corp.— 
Helpful pointers on the e and care of furnace 


electrodes are ted in word and picture in 
oa 


913. Otiscoloy 


Jones & Laughlin # Corp.—A high-tensile, 
meet the need for 


the standard carbon 
Lb, tI. 


914. Mechanical Tubing 
Ohio Seamless Tube Co.—Latest revised list of 


mechanical containing brief 
specifications for RY wna 


of tubing together 
with the total number of feet of tubing now in 
stock is available. 
915. Engineered Heat 


Salem Co.—Designed for engineers 
and Sy a new Te-page booklet con- 


ph (yess ¢ tet furnaces, and auxiliary 
916. Testing Machines 


Tinius Olsen Testing Machine Co.—A handsome 
booklet covers the entive Ene of Univers 
— 


917. a» Te Heating | ‘ 
Lepel High Laboratories, Inc.—New 

32-page catalog high induction 

heating units, ce Pee ctogrephe 


918. Die Casting Design 
Lester-Phoenix, Inc —Herbert Chase Chase hes written 


tative article ig 
P= in gro + ‘ul ao on 
die casting. 




































starts in the 





Foreing improves steel quality, but it 
won't make good steel out of poor 
steel. Forging quality is born in the 
melt shop. 


As this fact becomes better known, 
more and more steel users are placing 
Timken in the preferred position as a 
source for alloy forging steels. 


Because the rigid system of quality 
control which governs melting in the 
Timken mills is excelled nowhere in 
the industry. 


Because the personnel in no other melt 
shop has such specialized experience 
in producing alloy steels to close 
specifications. 


Because research programs of The 
Timken Company have established 
countless new facts which have led to 
improved techniques in electric and 
open hearth furnace operation. 


Advanced melting practice plus special- 
ized processing techniques assure the 
uniform response to heat treatment so 
essential in producing good low cost 
forgings. Why not talk over your re- 
quirements with us, write Steel and 
Tube Division, The Timken Roller 
Bearing Company, Canton 6, Ohio. 


and pressure tube applications. 


PERIENCE AND RESEARCH 
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FORGING QUALITY 


Timken Melt Shop 


SPECIALISTS in hot rolled and cold finished Alloy Steel Bars 
for forging and machining applications, as well as a complete 
range of Stainless, Graphitic and Standard Tool Steel analyses. 
Also Alloy and Stainless Steel Seamless Tubing for mechanical 





LABORATORY AND PLANTS of Industrial Steels are housed in this 
modern brick and glass building. Quarters are spacious, light, airy, and 


conducive to highest quality production. There is another large Industrial 
Steels warehouse not shown in this picture. 


NEWS UN NITRALLOY! 


Boston now has a modern nitriding plant 
of large-scale production capacity 


Industrial Steels, Inc., now licensed to do nitriding for users of Nitralloy, 
offers New England users of Nitralloy a modern chemical and metal- 
lurgical laboratory, a large battery of nitriding furnaces, and the ex- 
perience of years in the surface-hardening of metals. 

Nitralloy’s two technical consultants in this area are immediately avail- 
able for consultation on technical problems of Nitralloy processing and 
application. Call Industrial at any time to arrange appointment. 


INDUSTRIAL STEELS, ING. 


250 Bent Street, Cambridge 41, Mass. « TROwbridge 7000 + Teletype: Cambridge 547 
Everything in Stainless Steel 
Sheets « Bars « Tubing « Wire » Valves » Welding Electrodes Pumps « Pipe Fittings e Hardware 





METALLOGRAPHIC LABORATORY is equipped for complete analy- 
sis of hardness, grain structure, and case depth. The most modern 
equipment for metallographic analysis is here housed in modern type 


building construction. JMLco C1-DDE 





FURNACE ROOM of Industrial’s modern Nitriding plant. 
Picture shows a corner of the furnace room with a retort being 
drawn from the pit furnace by the overhead monorail hoist. 
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CONTROL BOARD regulates flow of heat and nitriding agents 
to furnaces. Automatic instruments record temperature and 
gas analysis on each heat so that complete authenticated record 
is available to customer. 


CHEMICAL LABORATORY. Industrial Steels is in a position 
to handle complete chemical analysis for development of proce- 
dure and for checking final results of all heat treating processes. 
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‘‘NO-KASE’’ 


(Patent Applied For) 


A new kind 
of stop-off paint 


@ Park “NO-KASE”, a new develop- 
ment in stop-off paints provides posi- 
tive protection against carburization 
in liquid carburizing baths. When you 
apply “NO-KASE” even the most 
difficult sections, such as threaded 
edges (see photograph at right) are 
protected from carburization. 

Park’s “NO-KASE” is applied as 
paint and is easily confined to the area 
where protection is desired. Because 
it is quick drying “NO-KASE” can 
be immersed in the carburizing bath 
approximately one hour after the part 
is painted. 

The vehicle of “NO-KASE” paint burns out when subjected to the heat 


of the bath, thereby leaving the pigment as a continuous metallic coating. 


SEND IN YOUR ORDER FOR “NO-KASE” TODAY OR WRITE FOR PARK 
BULLETIN E-16 WHICH GIVES YOU COMPLETE INFORMATION AND PRICES 


@Liquid and Solid Carburizers 3% Cyanide, Neutral 
and High Speed Steel Salts yy Lead Pot Carbon x 
Charcoal 3¢ Coke x No Carb. x¢ Carbon Pre- 
venter yy Quenching and Tempering Oils yy Draw- 
ing Salts xy Metal Cleaners yy Liquid Grain Cement 


agile 8074 MILITARY AVE. DETROIT, MICH. 
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WHAT ABOUT THE 


MACHINING 
in tue stTEEL FORG/NGS vou suv? 





National Forge Machine Shops Have Greatly Expanded Facilities 


For High Precision 


Every other quality in steel forgings should be 
matched by accuracy and finish in the final finish 
machining if that forging is to give longevity in service 
which is so much desired. Adherence to close toler- 
ances to provide proper fitting and fine smooth sur- 
faces to wear well in the bearings and avoid surface 
ruptures are highly essential. National Forge has 
built up a reputation for just that kind of machining. 
Are you getting that kind of superfinish on the forg- 
ings you buy? 

During the war National Forge expanded its facili- 
ties by the addition of the most modern machine tools. 


Thus they are better prepared than ever to perform 





these essential high quality machining operations. The 
list includes a wide variety of types and sizes of ma 
chine tools for turning, boring, planing, grinding, 
drilling, and special machining such as would be 
required in a well rounded machine shop. 

The equipment is capable of machining both large 
and small pieces of greatly diversified dimensions 
These facilities are available not only to machine the 
forgings which National Forge produces but also for 
machining on a contract basis materials which may 
be provided by its customers. 

Would it not be to your advantage to consult with 


National Forge on your machining requirements? 


NATIONAL FORGE & ORDNANCE COMPANY 


IRVINE, WARREN COUNTY, PENNSYLVANIA 
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Ey gas carburizing —as with production heat-treat furnaces 
for EVERY purpose—each Holcroft furnace is designed individually to fit the require- 
ments of the specific application . . . The new bulletin shown above demonstrates the 
advantages of this procedure in the field of carburizing, and should be of interest to 


everyone connected with modern metallurgical processes. May we send you a copy? 


we pf oe somrany 


6545 EPWORTH BLVD. * DETROIT 10, MICHIGAN 


CHICAGO 3: C. H. MARTIN, 1017 PEOPLES GAS BLDG. . HOUSTON 1: R. E. McARDLE, 5724 NAVIGATION BLVD, 
CANADA: WALKER METAL PRODUCTS, LTD., WALKERVILLE, ONTARIO 
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THERMOSTATIC BIMETAL 








In Recognition... 


WE CAN'T BEGIN TO SHOW ALL 


of the types of elements and sub-assemblies using 
Thermostatic Bimetal as the actuating elements 
for Temperature Responsive Devices, produced 
by us in 1946. An endless variety—some simple 
—some complex—but each one VITAL to the 
harassed manufacturer of instruments and heat 
controls for sorely-needed goods. To these good 
friends—our old customers and those we were 
powerless to serve—we offer thanks for their 
patience during this year of shortages and restric- 
tion. Now we offer, too, a word of hope: we have 
perfected efficient production techniques, we are 
augmenting our modern equipment and we shall 
soon occupy our new addition of 20,000 square 
feet of floor space. We will leave no stone 
unturned in our search for BETTER WAYS 
TO SERVE. 


Yes, 1946 was tough! But it taught us patience, 
ingenuity and CONFIDENCE... 


WM. im CHAC | exe) 


‘rmostat! Bimetets elite me) elctelle | Alloys 
1626 BEARD AVE + DETROIT 9, MICH. 
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Quenching & Tempering 


OILS 


A type for every heat-treating requirement 









For further information write 


A. Stuart {il co. 


eStiees miteo 


2/43 SOUTH TROY STREET, CHICAGO 23, iLL. 


GIRDHS |! 


STUART OIL ENGINEERING GOES WITH EVERY BARREL 























UNLIMITED APPLICATION 


Dillon Dynamometers may be used in scores of mechan- 
ical setups for testing tensile strength of plastics, rope, 
wire, castings, wood products and many other items. 
Direct reading in lbs. Various capacities—low cost. 


COMPACT— ACCURATE 


Measures only 8%4”"x6%"x3", 
weighs 8 lbs. 4 oz. Not injured 
by overload. Has maximum 
hand and safety glass crystal. 
Immediate shipment all ca- 
pacities up to 20,000 Ibs. 


WRITE DEPT, DL FOR LITERATURE 





W.C. DILLON & CO..n0. “"uneadstionss 























-eethe console-type 


IMMEDIATE 


DELIVERY! 





RCA ELECTRON MICROSCOPE 


A low-cost tool for speeding process control and research 


OW, for the first time since before 
the war, this valuable instrument 
is readily available to anyone. 

It provides factory and production 
specialists and research workers with a 
compact, easily operated super-magnifier 
for studying the size, shape, and struc- 
ture of particles too small to be seen by 
other means. Its simplified construction, 
ease of operation make it particularly 
suitable for repetitive checking opera- 
tions and routine analysis. 

There are two magnification positions: 
500 X and 5000 X. A built-in camera 
makes it a simple matter to make good 
micrographs which can be usefully en- 
larged to 100,000 diameters! 

Best of all, it is a device for small 
budgets—approximately one half the 





price of the world-famous “Universal” 
model, made possible by the elimination 
of a few versatility features not generally 
required by industry. Yet it has approxi- 
mately the same high resolving power 
as the larger model and ample magnifi- 
cation for 90 per cent of all direct- 
viewing requirements. Since no water- 
cooling is required, it can be easily 
moved wherever needed. 


This remarkable instrament is now 
uncovering new knowledge, speeding 
research, and improving product quality 
and performance in a wide variety of 
industries. We'll be glad to help you 
appraise the possibilities of this im- 
mediately available instrument or of the 
larger model in connection with your 


work. Write Dept. 53-L, 


SCIENTIFIC INSTRUMENTS 


RADIO CORPORATION of AMERICA 


SHOCINEERING PRODUCTS DEPARTMENT, CAMDEN, HM. J. 
In Canada: RCA VICTOR Company Limited, Montreal 
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RCA 
ELECTRONIC EQUIPMENT 
FOR INDUSTRY 





“Universal” electron micro- 
scope: adjustable magnifica- 
tion te 20,000 X 





Vecuum Unit for metal shadow- 
ing, coating, and evaporation 





Gage for measuring vacuums 
down te 10-4 





Electronic power generators 
for dielectric and induction 
heating 


= — 
Electronic metal detector to pro- 
tect machines and product 
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ENGINEERING * ARCHITECTURE * ACCOUNTING * ORGANIZATION : 
INCENTIVE COMPENSATION # METHODS # COSTS ferrell 

228 EAST ogeey srecey FORT WAYNE 2, INDIANA HASSALL cold-heading may solve your immediate special 

part problem . . . Special nails, rivets and threaded parts mad 

in diameters from 1/32” to 3/8”—lengths up to 6"... Rivets 

3/32” diameter and smaller a specialty ... Variety of metals 

finishes and secondary operations... Economy, quality and 

quick delivery in large or small quantities . . . Tell us what you 


need... We will answer promptly. ASK FOR FREE CATALOG. 
3-color Decimal Equivalents Wali Chart free on request. 


JOHN HASSALL, Ine. ».c2.5hs. 


Manufacturers of Cold-Headed Specialties Since 1850 




















ONE HUNDRED YEARS OF CO 
1846 TINUOUS SERVICE TO INDUSTRY 1946 


SAE . )HY-TEN( ALS.L 


"hand = Ten ite Bho Alloy Steels 


A century of experience in the develop- 
ment and application of special steels for 


PRODUCTION, TOOL ROOM, MAIN- 
TENANCE. 


Seven warehouse stocks of rounds, fats, 


squares, hexagons, octagons. Forgings to 


Uuiverwsal 7 \y \ —_ specification. 


TE STE R ae _— Write for our data sheet book. 


Mase Basin WHEELOCK, LOVEJOY & CO., INC. 


138 Sidney Street, Cambridge 39, Mass. 
. W.C. DILLON & C0., INC. CLEVELAND 14-CHICAGO 23- eee 5 - DETROM 3- 


e 5420 WEST HARRISON ST. BUFFALO 10- CINCINNATI 32 
* CHICAGO. 44,. ILLINOIS, U.S. A. 
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Breaking Bittlenecks 
in Heat Ireatin 


Breaking bottlenecks in heat treating is an everyday occurrence for Crystolon* 
Hearth Plates made by Norton Company, for a common bottleneck is the inability of 
less refractory plates to withstand the high temperatures and the severe wear and tear 
present in heat treating. The long, efficient service of Crystolon Hearth Plates is due 
to these four important qualities: (1) High refractoriness to withstand both high heat 
and temperature changes, (2) Chemical stability to resist growth by oxidation, (3) Great 
strength to withstand any load, (4) Great hardness to resist abrasion. 


NORTON COMPANY 
WORCESTER 6 MASSACHUSETTS 


“Crystolon is the registered trade mark for Norton Company silicon carbide 


Norton i=} Refractori 
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PRODUCT 


TYPICAL COMPOSITION 


APPLICATIONS 


TYPICAL COMPOSITION 


APPLICATIONS 





ALSIFER 


Aluminum . ..20% 
Silicon .. 4% 


Iron. 40% 


Used principally as a steel 
deoxidizer and for grain 
size control. 





FERRO CHROMIUM 
High Carbon Grade 


Iron Foundry Grade 


Low Carbon Grades 


Chromium... .66-70% 
arbon . 46% 


.62-66% 
.. 46% 
. 6-9% 


Chromium... .67-72% 
Carbon. ..06%, .10%, 
15%, 20%. .50%. 
1.00% and2.00% max. 


Chromium 
Carbon... 
Silicon . 


For wrought construc- 
tional steels and steel and 
iron castings. 

For alloyed cast irons. 
Readily soluble as a ladie 
addition at the lower tem- 
peratures of cast iron. 
For low carbon chromium 
steels, especially those with 
high chromium content, 
such as stainless and heat- 
resistant types. 





FERRO SILICON 
25-30% Grade 


50% Grade 


75% Grade 


High Silicon Grades 
80-85% 
85-90% 
90-95% 


Silicon 25-30% 


2... 47-52% 


Silicon 


Silicon... ... . .74-79% 


Silicon 
Silicon 
Silicon . 


Deoxidizer for open 
hearth steels; also for high 
silicon, corrosion-resistant 
iron castings. 

Used as a deoxidizer and 
for the addition of silicon 
to high silicon steels, for 
springs, electrical sheets. 
etc. Pulverized form used 
as ladle addition to cast 
irons for silicon content 
and graphitization control. 
For high content silicon 
steels, such as spring steels, 
sheets and forgings of high 
magnetic qualities for elec- 
trical apparatus. 

For high content silicon 
steels where small ladle ad- 
ditions are used for re- 
quired silicon content. Also 
for manufacture of hydro- 
gen by reaction with caus- 
tic soda and production of 
magnesium by the Pidgeon 
process. 





FERRO TITANIUM 
High Carbon Grade 


Medium Carbon 
Grade 


Low Carbon Grades 
20-25% Ti Grade 


40% Ti Grade 


15-18% 
6-8% 


Titanium 
Carbon 


Titanium 
Carbon 


17-21% 
3-4.50% 


Titanium 20-25% 
Carbon. . max. 0.10% 
Silicon max. 4% 


Aluminum max. 3.50% 


Titanium 38-43% 
Carbon. . max. 0.10% 
Silicon .. max. 4% 


Aluminum. ..max. 8% 


Final ladle addition to 
control “‘rimming” action 
and to clean effervescing 
steel. Finat deoxidizer and 
scavenger for steel castings 
and fully killed ingot 
steels. 


Often preferred to the 
High Carbon Grade as a 
final ladle addition to very 
low carbon rimming or 
effervescing steels. 


Carbide stabilizer in high 
chromium corrosion resist - 
ant steels of extremely low 
aluminum content. Deoxi- 
dizer for some casting and 
forging steels. 


Carbide stabilizer in high 
chromium corrosion-resist- 
ant steels, where smaller 
ladle additions are desired 
and extremely low alumi- 
num content is not ¢s- 
sential. 





VANADIUM METAL 
90% Grade 


95% Grade 


.. . 91.15% 
Aluminum... ..3.87% 
Silicon. .......0.50% 
Carbon..... .. .0.17% 
Vanadium. .. .95.18% 
Aluminum... . .2.00% 
Silicon. .... .. .0.27% 
Carbon ., 0.40% 


Vanadium 


VANADIUM 


x 


For special iron-free (non- 
ferrous) or low iron al- 
loys or low impurity fer- 
rous alloys. 


Principally for research on 
the properties of pure 
alloys. 


(CORPORATION OF AME 


AGC 





FERRO VANADIUM 
Grade ‘‘A” 
(Open Hearth) 


Grade “‘B” 
(Crucible) 


Grade ‘*‘C” 
(Primos) 


Special Grades 


Vanadium .. ..35-40% 
Silicon... ..max. 12% 
Carbon. . max. 3.50% 


Vanadium... .35-45% 
Silicon. ..max. 3.50% 
Carbon. . max. 0.50% 


35-45% 
max. 1.25% 
max. 0.20% 


Vanadium 
Silicon 
Carbon 


50-55% 
60-65% 
70-80% 
Low 
Low 


Vanadium 


Silicon 
Carbon 


For low percentage vana- 
dium content of rolled, 
forged or cast construc- 
tional steels. Also used in 
vanadium cast irons. 


For tool steels and special 
steels containing high per- 
centages of vanadium, in 
which required limits for 
carbon and silicon are 
narrow. 


For tool steels and special 
steels requiring high per- 
centages of vanadium 
and exceptionally low car- 
bon and silicon content. 
For special applications 
and uses requiring large 
vanadium additions. 





VANADIUM PENTOXIDE V2°; 


Technical Grade 
Fused Form 


Technical Grade 
Air Dried Form 


90% 


V205 


A source of vanadium in 
basic electric furnace 
steels. A base for numer- 
ous chemical compounds. 
A base for preparation of 
numerous chemical com- 
pounds, such as cat- 
alysts, etc. 





GRAINAL ALLOYS 


Vanadium Grainal 
No. 1 


Vanadium Grainal 
No. 6 


Grainal No. 79 


Vanadium 
Aluminum 
Titanium... . 
ES 


Vanadium.... 
Aluminum... . 
Titanium 
Boron. 
Aluminum 
Titanium 
Zirconium 
Manganese 
Boron 
Silicon 


woman So 
s83838 


39.0 35 
a 


Practical and economical 
intensifiers for controlling 
and increasing the capac 
ity of steels to harden, and 
for improving other im- 
portant engineering and 
physical properties. 


See above. 


See above. 





GRAPHIDOX No. 4 


. te 
mee 
Pook 
N= &> 
SO 50 3o 
RAV 


Silicon 
Titanium 
Calcium 


6S 


New alloy for the graphi 
tization of iron; ladle 
treatment insures iron 
with normal graphite, free 
from dendritic structure; 
reduces chill; efficient in- 
oculant in the production 
of high strength. irons. 





V-FOUNDRY 


ALLOYS 
V-5 Grade 


V-7 Grade 


38-42% 
17-19% 
8-11% 


Chromium... 
Silicon 
Manganese 


28-32% 
15-21% 
14-16% 


Chromium 
Silicon . 
Manganese 


Used in cast irons as a 
ladie addition. Reduces 
chill, promotes uniformity 
of structure, increases 
strength and hardness. 


See above. 





BRIQUETTES 


Ferro Chromium 


Ferro Silicon 


Hexagonal in shape. 
Weigh approximately 
33% Ib. and contain 2 
Ib. of chromium. 


Two sizes available, 
both cylindrical in 
form, one containing 1 
lb. of silicon; the other 
2 Ih. of silicon. 


A practical and convenient 
form for adding ferro-al- 
loys to the cupola. 


See above. 


RICA 


PITT 








on rol IN HIGH SILICON PIG IRON 


Because it is specially processed in the electric furnace, Keokuk Electro 
Silvery has all the advantages of complete and constant control. The result 
is uniformity and high quality. Write today for full information and prices 


pF se Keokuk 


t 


Electro- 
Silvery 


Keokuk Electro-Silvery ... both standard and alloy . . . 60-lb. pigs for blocking the open 


SS es 


hearth heat—3o-lb. pigs for charging the cupola—12\4 lb piglets (for foundries) so uniform in 


weight that they can be charged by count, All can be handled by magnet. 
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STAINLESS 
CASTINGS 








Founory & ENGINEERING Ca. 








CORROSION RESISTING CASTINGS ond SPECIALTIES 
5132 N. 35th STREET 
MILWAUKEE 9, WISCONSIN 


pinot 





PYRO onticaisiiOatin 


This simplified Optical Pyrometer :akes 
the “wreck” out of “reckon.” Many 
a heat has been wrecked as a con 
of “guessing” at the temperaty 
“PYRO” is a lightweight (3lbs.), totally 
SELF-CONTAINED, DIRECT REAp. 
ING, STURDY PRECISION Instrument 
made to stand rough use, but it is 
ABSOLUTELY ACCURATE and DE. 
PENDABLE. No correction charts, no 
accessories, no upkeep! New concen. 
trated testmark and ease of operation 
permit unusually CLOSE and RAPID 
temperature determination even on 
MINUTE SPOTS, FAST MOVING 
OBJECTS or the SMALLEST 
STREAMS. 


THE “SPECIAL FOUNDRY TYPE” AND 
“TRIPLE RANGE” HAVE IN ADDITION TO 
THE STANDARD CALIBRATED RANGES, A 
RED CORRECTION SCALE DETERMINING 
THE TRUE SPOUT AND POURING TEM- 
PERATURES OF MOLTEN IRON AND STEEL 
WHEN MEASURED IN THE OPEN. 

PYRO is furnished in 5 ranges to meet all 
plant and saSevatocy requirements; it is stand. 
ard equipment with the leading plants in 
YOUR industry. 


Steck Ranges 1400° F. te 5000" F. 
Ask for Catalog No. 80 


For NON-FERROUS foundry work use PYRO 
IMMERSION Pyrometer. Ask for Catalog No. 110 


The Pyrometer Instrument Co. 
Plant and Laboratory 
107-109 Lafayette Street -:- New York, N.Y. 


























OLDS ALLOYS CAN ¢ CUT BEARING COSTS 


Experience proves that operating and 












vaintenance costs go down on machin- 


Write for 
NEW 
Bulletin 


PHYSICAL 
CHARACTERISTICS 


ery and equipment using OLDS BEAR- 


ING BRONZE. If you are replacing bear- 





ings at short intervals—find out why! Get 


es 
OLDS ALLOYS 


SOUTH GATE, CALIFORNIA 
Suburb of Los Angeles. 


the complete story of OLDS 


Tensile Strength-psi Bearing Bronze today! 
22,000 


Tensile Yield Strength 
— ot .35% set, psi 
16,000 


Compression Yield 
Strength at 35% set, psi 
17,000 


‘ 


eeu | in 2” -% 
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PURE ACETY} 
FOR GAS WEE 
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SHAWINIGAN 
PRODUCTS 
CORPORATION 


EMPIRE STATE BLOG..350 FIFTH AVE 
NEW YORK LNLY 
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Real job security is only provided by plentiful 
incoming orders shipped at prices consumers can 
afford and wont to pay . . 
teols help make this possible. 


or foil flying from 
5 in a never-ending 
bber blanket flowing 
By be checked instantly 
is thickness controlled dur- 
by the Sheffield Measuray. 
E of the material to be checked 
a of movement do not affect the 
Sf the thickness check. Proximity of 
ead to material is not important— it 
@ as much as a foot or more distant, 
Bending upon the application. Amplification 
Hand sensitivity are available in excess of any 
known industrial requirements without sacrifice 
% in speed, range, or dependability. For instance, 
it is possible to amplify one per cent of the 
thickness of the stock being checked to extend 
over the full scale range. 


. modern machine 





THE SHEFFIELD 


Be Ohio, 
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d as Fast as*Light! 


The Measuray may be mounted on a pro- 
duction machine, or it may be used at the 
bench to measure stationary objects, espe- 
cially those whose surfaces might be marred 
by a contact gage, or those of such resiliency 
that the contact gage measurements are not 
practicable. 

See the Measuray demonstrated at the 
Sheffield plant in Dayton. Bring samples of 
work to be checked to see for yourself 
the savings in material ond time, elimination 
of losses in destructive testing, and the in- 
crease in uniform quality which the Sheffield 
Measuray can bring you. 

If a visit is not convenient, write us for de- 
tailed information. For an early installation, 
ask for a survey to be made in your plant by 
Sheffield engineers—noobligationon your part. 


2307 





1289 





Write to Department [. 





















eo 





| POLISHING 
CONTROLLED ATMOSPHERES P Ow D E R 
DRIED BY LECTRODRYERS— RITE-TONERDE 


flevigated alumina) is unequalled 
in quality and guaranteed to give 
perfect results. It is the standard 
polishing powder in modern met- 
allography. RITE-TONERDE is 
made in 3 grades, #1, #2 and 
#3, for hard, medium and soft 
steels, to meet the specific condi 


ti ; 
ons prevalent in metallurgica GREEN - ROUGE 


laboratories. POLISH (levigated 
Chromic Oxide) 
Price list upon request. MILD POLISH (levi 
e gated Tin Oxide) 
SHARP POLISH (levi 
gated Cerium Oxide) 


Also mig.: LUNKE-RITE, an extremely effective. exo 
thermic, powdered compound used on steel 
ingots with, or without, hot tops; also on steel 
castings. Great saving is the result. 


The RITE-PRODUCTS are independently manufactured in our 
plant, in Irvington, N. J., by 


DR. CONRAD WOLFF 


61 South 21st Street Irvington 11, New Jersey 








Here is highest possib 
racy in a scientific in 


and at a low 


e Lectrodryers are 
handling hundreds of con- 
trolled-atmosphere DRYing jobs 
throughout industry. Installations 
range from tiny laboratory operations to 
giant steel plant jobs. 
Tell us your DRYing problem. There's 
probably a standard Lectrodryer ready 
to handle it for you. Pittsburgh Lec- 


trodryer Corporation, 317 32nd ) | Hl N 
Street, Pittsburgh 30, Pa. 


Stainless Steel 


LECTRODRYERS DRY WITH ACTIVATED ALUMINAS 
Beautifully Finished ATMOme al 


Ruggedly Designed 


LECTRODR YER [PI eee 
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your work 


Stacalea Or 


Here's help to speed 


with 












\ UCCESSFUL fabrication with Stain- 

less Steel needs exact methods. 
But these methods are difficult only 
when operations are inordinately 
severe or where an unusual alloy has 
had to be selected to withstand un- 
usually severe conditions. In over 
990% of the cases, Stainless Steel fab- 
rication is not difficult . . . it is just 
different. 

In this authoritative textbook, 
just off the press, these differences in 
fabricating techniques are thoroughly 
discussed. 

Here in practical form are assem- 
bled the very latest findings on Stain- 
less Steel welding, riveting, soldering 
and joint design—on machining, cut- 
ting, forming, annealing and pickling 
—on surface finishing and protection. 

Here are listed for handy reference 
the various U-S-S Stainless Steels 
we produce—their physical proper- 
ties and chemical compositions— the 
forms and sizes in which they are 
available—their resistance to various 
reagents, 

This book is FREE—send for your 
copy. Use it as a guide to successful 
workmanship. And when unusual 
conditions confront you, ask for the 
assistance of our Stainless Steel 
specialists. 
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U°S°S STAINLESS STEEL 


AMERICAN STEEL & WIRE COMPANY, Cleveland, Chicago and New York 
CARNEGIE-ILLINOIS STEEL CORPORATION, Pittsburgh and Chicago 
COLUMBIA STEEL COMPANY, San Francisco 
NATIONAL TUBE COMPANY, Pittsburgh 
TENNESSEE COAL, IRON & RAILROAD COMPANY, Birmingham 


United States Steel Supply Company, Chicago, Warehouse Distributors 
United States ’ 


teel Export Company, New York 












We can supply U-S-S Chrom- 
ium Nickel and Chromium 
Stainless Steel not only in many 
different analyses but in the 
widest, most complete range 
of forms, sizes and surfaces 
finishes anywhere obtainable. 
Our engineers are specialists in 
solving new and unusual prob- 
lems in the use of Stainless. 


VaNE ITED , STA ES. SP 
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ANOTHER 
OF POWDER METALLURGY... 
FORMED ON STOKES PRESSES 


The first porous bearings commercially produced were made on Stokes Tabket- 
ting Presses . . . and today it is a fact that more than 9 out of 10 automatically- 
made porous bearings are formed on Stokes machines. 

Powder metallurgy is revolutionizing the manufacture of many parts because of 
lower costs and high-speed production. Thousands of manhours are saved. 
Parts are formed in seconds instead of being machined in hours. In many cases, 
parts that could be produced by no other method are a simple operation with 
powder metallurgy on Stokes Presses. 

Products are dense if you want density . . . porous if you want porosity, for 
with Stokes Presses these characteristics are easily controlled. Alnico magnets, 
motor brushes, contact points, cemented carbide tool bits, ordnance components, 
iron gears .. . are just a few products being made successfully by unskilled labor 
on Stokes Automatic Tabletting Presses. 

Stokes pioneered this type of equipment more than 25 years ago. New and 
improved models, of greater capacity and wider application, are being de- 
veloped constantly. 

Our engineering department invites your consultation. Send for 48-page illus- 
trated catalog. 

F. J. STOKES MACHINE COMPANY * 6006 Tabor Road, Phila. 20, Pa. 
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BLAST CLEANING BOTH 









VERTICAL AND HORIZONTAL 








surraces 22 One “/ime 





No other 


_ ~a airless blast machine 


Thorough and uniform cleaning of ver- 
RH has this cost-saving feature 












tical and horizontal surfaces with one pass 
through the machine—eliminating the ne- 
cessity, in many cases, of turning the work 
for second and third passes . . . has revo- 
lutionized the blast cleaning of large or 
small castings and other metal parts on 
table-type machines. 


Pangborn’s ROTOBLAST* Table di- 
rects the blast stream onto the work at a 
45° angle. Thus a great variety of shapes 
can be handled on this table with com- 
plete assurance that all planes will re- 
ceive equal cleaning—no possibility of 
over-cleaning some planes. 


And These Other PANGBORN FEATURES 
Save You More Time and Money 


Variable table speed. Can be suited to the work 
—higher speeds (and higher production) for 
pieces easy to cléan. 

Large work openings. High work pieces easily 
handled. 

Rim drive. Driving the table from the rim (in- 
stead of from center spindle) gives smoother 
motion and facilitates inspection of driving unit. 
No clogging. The abrasive sweeps are rotated 
independently of the table; regardless of amount 
of abrasive thrown, the sweeps handle it without 
clogging. 

Surface peening. Uniform abrasive impact over 
every point of the work table (due to 45° wheel) 
and variable table speed make this unit ideal 

* for surface peening as well as blast cleaning. 


Send coupon now for Bulletin 211A on 
ROTOBLAST Tables. And for any type of blast 
cleaning equipment—airless or compressed air — 
“Come to Pangborn”, world’s largest manufacturer 
of blast cleaning and dust control equipment. 


*Trademark of the Pangborn Corporation 


“Fangboen 


PANGBORN CORPORATION, HAGERSTOWN, MARYLAND 





































PANGBORN CORPORATION 1284 Pangborn Blvd.., 
Hage: stown, Maryland 


Gentlemen: Please send me free Bulletin 211A on ROTORI AST Tables 
Cheek also for information or ROTOBLAST Rocker Barrels 


ROTOBLAST Special Machines Air Blast Rooms 


Name 
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1. Uniform, fenentiie Controlled Carburizing—W ith 
exact control of temperature, time at tem- 
perature, and gas distribution, the new, 
electrically heated G-E gas-carburizing fur- 
mace assures a uniform, high-quality output 


of carburized steel. 


2. Short Carburizing Cycle—Accelerated heating 
by means of a high-powered furnace, and 
uniform heat distribution by a circulating 
fan, appreciably shorten the carburizing 
cycle. 

3. Low Operating and Maintenance Costs—Using an 
inexpensive carburizing gas, having a short 
heating cycle, and requiring a minimum of 
material-handling operations—the new gas- 


carburizer is economical to operate. With a 


— 


yak Fon motor when 
Sa" _cover 's rarsed 
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These FIVE Important Advantages: 
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sturdy construction and a convenient arrange- 
ment of components, furnace maintenance ig 


reduced and simplified. 


4. Simple, Accessible Controls are conveniently 


provided on a single instrument panel. 


5. Improved Working Conditions—With the elimi- 
nation of solid carburizing compounds, work- 
ing conditions are clean, and the general 
appearance of the heat-treating room is 


improved. 


...And These Plus-dividends 
of Leadership: 


@ Performance-proved Construction 

@ Technical Assistance 

@ Nationwide Field Service 

The new, standard gas-carburizing furnace, 

like all other G-E electric furnaces, assures 
you of performance-proved construction, 
based on steadily improved lines over almost 
a half-century of electric furnace research, 
design, and manufacture. To assist you in im- 
proving your product, experienced Heating 
Specialists are ready to help you vo select your 
equipment and to recommend new, efficient 
techniques. And, in major cities throughout 
the country, an expert field organization is 
maintained to speed installations, solve oper- 
ating problems, and to be readily available 


for servicing equipment. 
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CARBURIZING FURNACE 
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You reap the benefits of G-E ““know-how” 


. on these heating equipments, too .. . 





In addition to gas-carburizing furnaces, G.E. builds spe- 
cially designed and standard furnaces for virtually every 


type of heat-treating process. Here are a few of the 
standard models: 


e- 


ly 


Types ““T’ and “TG” high-temperature box furnaces, with pro- 
tective atmosphere equipment, are used primarily 
for heat-treating high-speed steel without decar- 
burization. With type “T’’ operating at 2000 F 
maximum, and type “‘TG” operating at 2500 F, 
these furnaces can also be used for miscellaneous 
high-temperature heating applications. Where 
decarburization and scaling are not factors, they 
may be used without atmosphere. 





























i] 
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Pit furnace, with protective atmosphere, is used for 
heat-treating large gears, and for treating tubes 
and shafts which require suspension in the fur 
mace to prevent warpage. Maximum operating 
temperature: 1850 F. 





Air-draw box furnace—for drawing or tempering tools, 
dies, and other steel parts requiring accurate draw 
ing temperatures up to 750 F. Standard models 
are also available up to 1250 F maximum, 

For more detailed information on these furnaces, 


send us the coupon below. We will be glad to fur 
nish you with free, descriptive bulletins 














een en en ore — 

ee 
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; had wide exper s 
furnaces General Electric has also induction neral Electric Company | 
” - " . i ’ 
in addition to cena construction of olecironic J, : penne Department, Sect. H675-140 | 
m i - 
ence in the deve - I) heating devices, for @ variety | Schenectady 5, N- ¥. ’ burizin 
and dielectric heaters, vancicianl 4 Application Engineers Ore Please send me bulletin oe “pleore checks | 
lists on : “ the following |) 

pplications. Our Heating Specialis nih _ suitable | Electric Furnaces, _ yt Furnaces;, \J GEA-4065A, 

a ommend the electric heating 4 ! = a yy Sede oO GEA-785C, ——— ' 
prepared to ree nearest G-E Office. 1 ee” Cl GEA-4070, “Pit Furnaces. 

ss. Call or write the ! Furnace; | 

for your proce . ~ | 

} Name ! 
Company 
Address 
_State =m 4 
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ELECTRIC FURNACE 
The new MODEL CE A has been designed to 
Rive supergpr performance, with ease and 
economy of operation, at a low initial cost. Ir 
will stand hard use and is an ideal furnace 
for general laboratory pur 
poses, heat-treating and small 
unit production. 


SPECIFICATIONS 
Temperature Controi — Any 
temperature from 500° F. tw 
2000° F. can be selected and 
automatically maintained with 
TEMCO variable temperature 
control. 

Pyrometer — Indicating type 
calibrated in both Fahrenheit 
and Centigrade scales. 
Dimensions—Inside 44” wide, 
41%,” high, 6” deep. Outside 
12” wide, 1512” high, 1414” 
deep, 

Prices Model CEA Complete 
For 115 V.—A.C. only....$80.00 
For 115 V.—A.C.&D.C. 85.00 
For 230 V.—A.C. only.... 85.00 


@ Heating element, special 
high temperature alloy, 
completely surrounds heat 

@ Can be operated continu- ing chamber assuring the 
ously up to 2000° F, most uniform distribution 

of heat. 

























@ Heats up to 1500° F. in 30 
minutes. 
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@ Embedded heating clement 
protected against damage 
and chemical deterioration cient, light-weight materials 
Muffle core easily replace- cast permanently into fur- 
able. nace body. 

Other sizes available 
See your supply house or write for literature 


THERMO ELECTRIC MFG. CO. 487 W. Locust St., Dubuque, Ic. 





Insulated with highly effi- 














J PLAN TO INSTALL 
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Buzzer Rectangular 


Tinning and 





123 So. Grand Ave. 


Liquid 


Heat Treati ths, Galvanizing, 
 Rielting Furnaces 


Reg. US. Pat OFF 
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INDUSTRIAL Gos EQUIPMENT 


NO BLOWER or POWER NECESSARY 
. ++ just connect to gas supply 


Atmospheric Pot Hardening 
Furnaces for Salt, Cyanide 
and Lead Hardening. Also 
adapted for Melting Alu- 
minum. Attain 1650° F. 


Send for the complete ‘‘BUZZER" Catalog 


CHARLES A. HONES, inc. 


Baldwin, L.I., N. Y, 













CARL -MAYER CAR TYPE AN- 
NEALING FURNACE, direct gas 
fired, as installed for the Cleveland 
Chain Company. 


<< 





@e FOR MORE THAN 25 
YEARS Carl-Mayer furnace 
and oven performance has 
been on the preferred list of 
America’s leading concerns. 

Why not get the benefit of 
our engineering achievements 
on your next installation? 


Write for Bulletin! 






Outstanding 
Installations 














4 > ve ee Per7? 
3030 Euclid Avenuc, CLEVELAND, OHIO. 
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THE IDEAL BASE FOR PLATED WARE 


The base, or “body,” of much of the silver, nickel ductility, from dead soft to spring temper. This 
and chromium plated ware made in this country makes it the perfect alloy for spinning, drawing and 
is Seymour Nickel Silver—an alloy of copper, nickel stamping. When leaded, it has excellent workability 
and zinc. Tarnish-resistant, silvery-white in color— and causes no undue wear on tools. If your present 
when it is eventually exposed by wear, there is no metal or alloy is not all that it should be, why not 
unsightly contrast. It is capable of any degree of change to Seymour Nickel Silver? 


THE SEYMOUR MANUFACTURING CO., SEYMOUR, CONN. 
NONFERROUS ALLOYS SINCE 1878 
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EXCLUSIVELY 
STAINLESS 


PLATES 
FORGINGS 


BARS 
The production of these large plates falls SHEETS 
within the classification of routine produc- 
tion at G. O. Carlson, Inc. We are partic- AND 
ularly well equipped both in engineering 









experience and facilities to produce almost BILLETS 
any quantity of stainless steel in the forms 
listed at right. Call us for quality service sie 
on your next job. Dependability 
Engineering 
Experience 
Quality 
ice 
Servic i. 


















KING PORTABLE 
BRINELL 


HARDNESS TESTER 


How many times have 
you carried heavy work 
to the Brinell Tester? 
Too often, you'll say. 
Here is a 26-lb. port- 
able tester you can easily 
take to the work and save 
time and trouble by doing 
our Brinell work on the 
— The King Portable 
rinell puts an actual 
load vf 3000kg on a 10mm 
ball. Itcan be used in 
any position. 
he test head is remov- 
able for testing larger 
ieces beyond the capac- 
ity of the standard base. 








Throat—4* deep. Gap—10* high. 
Weight —26 lbs. 


Let us show you how we can lighten 
your Brinell testing. 


ANDREW 
KING / 


NARBERTH, PENNA. 
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Available 
in Standard 


and Special Sizes 


Char Carburizers are screened 
to standard size — passing through a ¥"' screen and re- 
tained on an eight mesh screen. Special sizes can be 
furnished to meet your requirements. Packed in 100 Ib. 
bags for convenience in handling. 





CHAR PRODUCTS COMPANY 


MERCHANTS BANK BLD INDIANAT q +1 IND 








in Metals, 





ww 


@ Accuracy equal to gravimetric method meets 
standards of procedure recommended to ASTM. 


@ Costs less than comparable equipment. 

@ Adaptable to both alkaline and iodate methods. 
@ Requires less skill in handling than other equipment. 
@ Pipettes and burette designed for automatic zeroing. 


Harry W. Dretert ompany | 


DETROIT 4, MICHIGAN 





6E38 ROSELAWN AVE. 
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SCALE FREE: 


CONTINUOUS: 


THE ELECTRIC 








LOW COST: 


EF CONTINUOUS CHAIN BELT CONVEYOR 
TYPE FURNACES are furnished in gas fired, oil 
fired and electric designs, in 11 standard sizes ranging from 
175 Ibs. to 2000 Ibs. capacity per hour. The material to be 
processed is loaded onto the cast link heat resisting conveyor 
belt, either manually or from a conveyor, is carried into the 
furnace automatically, heated uniformly and accurately to the 
desired temperature, quenched and discharged. The furnaces are 
readily adapted to use with special protective atmospheres for 


heat treating and hardening without scaling or decarburization. 


Performance records of hundreds of installations prove that 
these furnaces are unsurpassed for the efficient economical heat 
treatment of a wide range of small and medium size parts rang- 
ing from washer and springs to tractor treads and engine 
parts. But send for our 12 page Bulletin No. R-1—“Chain Belt 
Conveyor Furnaces”— it gives full details —and let EF engi- 
neers, with their long and successful experience in building 
production furnaces for heat treating all types of products, 
work with you on your next heat treating job! 











FURNACE CO. 





As we approach the end of 1946 we Pause 


he grateful for the return of industry to a comps 


tive peacetime economy... 


PLOW SHA RES And to you, our friends in industry, we say 
coming up very sincere thank you for your co-operation dur 


the year. 


We wish you all the traditional joy and peacy 
of a very Happy Christmas es followed by a Nex 


Year made satislying because of its accomplishments. 


THE GATHMANN ENGINEERING COMPANY 
Emil Gathmann, President 
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